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♦Mellon,  M.  G. 
♦Meyer,  A.  H. 
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Moulton,  B. 

Newman,  J.  E. 

Nisbet,  J. 

Oliver,  Jeanette  C. 
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Petty,  R.  O. 

Postlethwait,  S.  N. 
♦Powell,  H.  M. 

Schmelz,  D. 

Siefker,  J.  R. 

Simpers,  R.  E. 
♦Wayne,  W.  J. 
♦Weatherwax,  P. 
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♦Welcher,  F.  J. 

Williams,  E.  C. 

Winslow,  D.  R. 
♦Youse,  H.  R. 


Indiana  Academy  of  Science 

BUDGET  COMMITTEE 
President,  Frank  A.  Guthrie;  President-elect,  S.  N.  Postlethwait; 
Secretary,  J.  Dan  Webster;  Treasurer,  Damian  V.  Schmelz;  Editor, 
Marion  T.  Jackson;  Director  of  Public  Relations,  Paul  E.  Klinge; 
Retiring  President,  Howard  R.  Youse;  Director  of  Junior  Academy, 
Donald  R.  Winslow;  Library  Committee  Chairman,  Nellie  Coats; 
Program  Committee  Chairman,  William  B.  Hopp;  Relation  of  Academy 
to  State,  William  A.  Daily. 

COMMITTEES  ELECTED  BY  THE  ACADEMY 
Academy    Foundation:     William    A.    Daily,    1970,    Chairman;    W.    P. 
Morgan,  1971. 

Bonding:  Robert  M.  Brooker,  1970,  Chairman;  Howard  H.  Michaud, 
1970. 

Research  Grants:  John  B.  Patton,  1972,  Chairman;  Winona  H.  Welch, 
1970;  William  K.  Stephenson,  1971;  James  E.  Newman,  1973; 
Nelson  R.  Easton,  1974. 

COMMITTEES  APPOINTED  BY  THE  PRESIDENT 
(The  President  is  an  ex  officio  member  of  all  committees.) 
Academy  Representative  on  the  Council  of  A.A.A.S.:    Willis  H.  John- 
son. 

Auditing  Committee:   William  G.  Kessel,  Chairman;  J.  Lee  Guernsey. 

Youth  Activities  Committee:  Paul  E.  Klinge,  Chairman;  Sr.  Mary 
Alexandra;  Robert  M.  Brooker;  Jerry  Colglazier;  John  V. 
Davis;  William  Field;  Emil  Hoffman;  Karl  L.  Kaufman; 
Wendell  F.  McBurney;  Ralph  W.  Lefler;  James  D.  Schwengel; 
Donald  R.  Winslow. 

Indiana  Science  Talent  Search:  Wendell  F.  McBurney,  Chairman; 
Lawrence  H.  Baldinger;  Robert  L.  Henry;  Albert  Kahn; 
Alfred  R.  Schmidt;  Harold  L.  Zimmack. 

Indiana  Science  Fairs,  State  Coordinator:  Karl  L.  Kaufman. 

Indiana  Science  Fairs,  Regional  Fair  Directors:  Calumet,  P.  V.  Flan- 
nery;  Northwestern,  A.  C.  Koester;  Northern,  Harry  Weimer; 
Northeastern,  A.  W.  Friedel;  N.E.  Tri-State,  Wm.  W.  Hill,  Jr.; 
Lafayette,  Wm.  J.  Fischang;  West  Central,  Wm.  F.  Phillips; 
East  Central,  Geo.  W.  Welker;  Central,  Wm.  Gommel;  South 
Central,  W.  F.  McBurney;  Southeastern,  R.  L.  Conklin;  Tri-State, 
H.  A.  Schleter. 

Indiana  Junior  Academy  of  Science  Council:  Donald  R.  Winslow, 
Chairman;  F.  Ray  Saxman,  1970;  Helen  Reed,  1971;  Sr.  Mary 
Alexandra,  1972;  Mary  J.  Pettersen,  1973;  Charles  Souers, 
1974. 

Library  Committee:  Nellie  Coats,  Chairman;  Lois  Burton;  William 
R.  Eberly;  John  W.  Klotz;  Eli  Lilly. 
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Program  Committee:  William  B.  Hopp,  Chairman;  Marion  T.  Jack- 
son; Benjamin  Moulton;  Gene  Poorman,  Joseph  R.  Siefker; 
Kenneth  Uhlhorn. 

Publications  Committee:  Marion  T.  Jackson,  Chairman;  Marion  F. 
Baumgardner;  Harry  G.  Day;  William  R.  Eberly;  Wilton  N. 
Melhorn;  John  F.  Pelton;  B.  K.  Swartz,  Jr. 

Relation  of  the  Academy  to  the  State  of  Indiana:  William  A.  Daily, 
Chairman;  James  A.  Clark;  William  R.  Eberly  ;  Helmut 
Kohnke. 

Membership  Committee:  Eliot  C.  Williams,  Chairman;  Officers,  Di- 
visional Chairmen  and  Committee  Chairmen. 

Fellows  Committee:  Benjamin  Moulton,  1970,  Chairman;  Dean 
Fraser,  1970;  Keith  M.  Seymour,  1970;  Marion  F.  Baumgardner, 
1970;  Donald  E.  Miller,  1971;  Fay  K.  Daily,  1971;  Richard  L. 
Conklin,  1971;  Charles  B.  Heiser,  1971;  Sears  Crowell,  1972; 
Robert  E.  Gordon,  1972;  B.  E.  Montgomery,  1972;  Georg  K.  Neu- 
mann, 1972;  John  Pelton,  1972. 

Resolutions  Committee:  James  E.  Newman,  Chairman;  Arthur  T. 
Guard;  Howard  R.  Youse. 

Invitations  Committee:  James  C.  List,  Chairman;  James  R.  Gammon; 
Paul  R.  Quinney;  William  K.  Stephenson;  Alton  A.  Lindsey. 

Necrologist:   Fay  K.  Daily. 

Parliamentarian:     Paul  Weatherwax. 

SPECIAL  COMMITTEES  APPOINTED  BY  THE  PRESIDENT 

Biological  Survey  Committee:  Leland  Chandler,  Chairman;  Jack  E. 
Humbles;  Gayton  C.  Marks;  Russell  E.  Mumford;  Jack  R. 
Munsee;  Winona  H.  Welch;  Frank  N.  Young. 

Emeritus  Member  Selection  Committee:  Ralph  E.  Cleland,  Chairman; 
Robert  H.  Cooper;  Edward  L.  Haenisch;  Howard  H.  Michaud; 
Winona  H.  Welch;  J.  Dan  Webster. 

Preservation  of  Scientific  Areas  Committee:  Robert  O.  Petty,  Chair- 
man; Carl  H.  Krekeler;  Carroll  A.  Markle;  Benjamin  Moul- 
ton; Damian  V.  Schmelz;  Robert  C.  Weber;  Winona  H.  Welch. 

Science  and  Society  Committee:  Willis  H.  Johnson,  1970,  Chairman; 
Milton  Burton,  1970;  Ralph  E.  Cleland,  1970;  Helmut  Kohnke, 
1970;  Otto  K.  Behrens,  1971;  Harry  G.  Day,  1971;  William  R. 
Eberly,  1971;  Alton  A.  Lindsey,  1971;  Paul  E.  Klinge,  1972; 
Robert  D.  Miles,  1972;  Robert  Menke,  1972;  Robert  E.  Gordon, 
1972;  Herman  B  Wells,  Honorary;  John  A.  Leighty,  Executive 
Secretary. 

Member,  Indiana  Natural  Resources  Commission:  Frank  A.  Guthrie, 
President. 


SPRING  MEETING 
Turkey  Run  State  Park,  Parke  County,  Indiana 

MINUTES  OF  THE  EXECUTIVE  COMMITTEE  MEETING 

May  1,  1970 

The  meeting-  was  called  to  order  at  4:35  pm,  May  1,  1970,  at 
Turkey  Run  Inn,  in  Turkey  Run  State  Park,  by  President  Frank  A. 
Guthrie.  Twenty-one  members  were  present.  The  minutes  of  the 
general  session  meeting-  of  October  24,  1969,  were  approved  as  dupli- 
cated and  distributed. 

Treasurer:  Rev.  Damian  Schmelz  presented  the  financial  report 
for  January  1  to  April  29,  1970.  It  was  accepted  by  consent. 

Research  Grants  Committee:  Miss  Winona  Welch  reported  that 
the  research  committee  had  been  able  to  grant  all  the  requests  sub- 
mitted in  the  last  6  months. 

Academy  Representative  on  the  Council  of  the  A.A.A.S.:  Willis  H. 
Johnson  reported  no  particular  action  by  that  body  which  would  di- 
rectly affect  the  Academy. 

Auditing  Committee:  William  G.  Kessel,  Chairman,  submitted  a 
written  report  stating  that  the  treasurer's  books  for  the  calendar  year 
1969  were  in  good  order.   It  was  accepted  by  consent. 

Youth  Activities  Committee:  No  one  was  present  to  report.  Gen- 
eral discussion  of  youth  activities  ensued;  some  opinions  were  ex- 
pressed that  the  number  of  chapters  of  the  Junior  Academy  had  re- 
cently decreased  markedly  in  the  high  schools  of  the  state. 

Library  Committee:  William  A.  Daily  reported  that  only  200  copies 
of  Natural  Features  of  Indiana  remain  in  stock. 

Publications  Committee:  Marion  T.  Jackson,  Editor,  reported  that 
progress  was  good  on  the  1969  Proceedings  and  the  second  Monograph. 

Relation  of  Academy  to  State  Committee:  William  A.  Daily,  Chair- 
man, reported  no  change. 

Invitations  Committee:  The  Secretary,  J.  Dan  Webster,  reported 
that  an  invitation  from  Indiana  Central  College  for  the  1973  meeting 
had  been  approved  by  the  Invitations  Committee. 

Emeritus  Members  Committee:  Ralph  E.  Cleland,  Chairman,  moved 
that  O.  B.  Christy  be  granted  emeritus  membership.   The  motion  carried. 

Preservation  of  Scientific  Areas  Committee:  Robert  O.  Petty, 
Chairman,  reported  that  the  data  concerning  scientific  areas  have  been 
transferred  to  IBM  cards. 
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Science  and  Society  Committee:  Willis  H.  Johnson,  Chairman,  re- 
ported that:  1)  John  A.  Leighty  has  resigned  as  executive  secretary 
of  the  committee  as  of  May  15.  The  services  of  Helmut  Kohnke  have 
been  secured.  Dr.  Kohnke  will  begin  work  June  15,  and  the  office 
will  be  moved  from  Columbus  to  Indianapolis.  2)  Of  the  150  worthwhile, 
scientifically-valuable  natural  areas  in  Indiana  (See  Lindsey,  A.  A., 
D.  V.  Schmelz  and  S.  A.  Nichols.  1969.  Natural  Areas  in  Indiana  and 
Their  Preservation)  2  or  3  are  destroyed  annually.  3)  The  Academy 
should  try  to  save  any  threatened  Indiana  natural  areas  of  these  150 
important  ones.  Dr.  Johnson  moved  that  the  Academy  mount  a  drive 
for  funds  to  save  these  natural  areas;  that  a  committee  be  appointed 
to  direct  and  promote  the  drive;  and  that  monies  contributed  be  given 
to  and  handled  by  the  Indiana  Chapter  of  the  Nature  Conservancy 
for  action.  The  motion  carried.  The  President  appointed  a  committee 
with  Robert  Menke,  Chairman;  Marion  T.  Jackson,  Alton  A.  Lindsey, 
John  Pelton,  Robert  O.  Petty,  and  Damian  V.  Schmelz. 

Secretary:  J.  Dan  Webster,  Secretary,  moved  the  following  amend- 
ment to  the  Academy  by-laws: 

Article  III  Section  1.  Delete  the  last  clause  reading,  "provided 
that  any  bill  for  fifty  dollars  or  more  shall  be  approved  by  the  Presi- 
dent." As  a  result  Article  III,  Section  1  would  read  "The  Treasurer  is 
authorized  to  issue  checks  in  payment  of  bills  submitted  by  officers 
or  committees  for  which  provision  has  been  made  in  the  budget  for 
that  year."   The  motion  carried. 

Resolutions  Committee:  Arthur  T.  Guard  moved  the  following  reso- 
lution: 

WHEREAS,  the  Indiana  Academy  of  Science  is  deeply  grateful 
to  Mr.  Engle,  manager  of  Turkey  Run  Inn,  and  his  very  helpful 
staff  for  placing  their  facilities  at  our  disposal  during  our  spring 
meeting, 

RESOLVED:  That  the  Indiana  Academy  members  and  friends  here 
assembled  express  their  sincere  thanks  to  the  management  and 
staff  of  the  park  for  all  the  courtesies  which  they  have  shown 
us  during  this  meeting. 

F.  Leon  Bernhardt,  the  appointed  chairman  of  the  provisional 
Science  Education  division,  commented  on  the  nature  of  this  section 
and  its  adherents.  There  was  discussion  of  possible  publication  problems 
and  meeting  times  for  the  division. 

Samuel  N.  Postlethwait  moved  that  the  president  appoint  a  special 
committee  to  study  communications  among  the  members  of  the  Academy, 
and  to  explore  the  possible  publication  of  a  newsletter  to  improve 
those  communications.  The  motion  was  seconded  and  carried. 

Special  appreciation  and  thanks  are  due  Dr.  William  B.  Hopp, 
Program  Chairman,  and  the  leaders  of  field  trips  for  their  efficient 
planning    and    execution    of    a    most    interesting    program.     We    also 
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thank  Dr.  Robert  0.  Petty  for  his  interesting  and  informative  lecture, 
"The  Flag  and  the  Fir  Tree." 

The  meeting  was  adjourned  at  6:15  pm. 

Approved  November  5,  1970. 

Respectfully  submitted, 
J.  Dan  Webster,  Secretary 


FALL  MEETING 

Indiana  State  University,  Terre  Haute,  Indiana 

MINUTES  OF  THE  EXECUTIVE  COMMITTEE  MEETING 

November  5,  1970 

The  executive  committee  of  the  Indiana  Academy  of  Science  met 
in  Room  206  of  the  Science  Building-,  Indiana  State  University,  Terre 
Haute,  November  5,  1970.  President  Frank  A.  Guthrie  called  the 
meeting  to  order  at  7:45  pm.  The  minutes  of  the  May  1,  1970,  meeting 
of  the  executive  committee  were  approved  as  duplicated  and  dis- 
tributed, with  minor  corrections.  The  following  reports  were  read, 
and  upon  motion,  accepted: 

Treasurer:  Rev.  Damian  V.  Schmelz  presented  the  financial  report 
for  January  1  through  November  3,  1970,  as  follows: 

Academy  accounts 

Income $  7,922.42 

Expenditure    9,307.79 

Balance  from  1969   . „ 9,774.34 

Balance  November  3    8,388.97 

Administered  accounts 

Income $46,817.28 

Expenditure    52,830.47 

Balance  from  1969   26,038.08 

Balance  November  3   20,024.89 

The  only  striking  changes  from  the  past  were:  1)  The  with- 
drawal of  a  large  balance  by  the  Science  Fairs  subcommittee  from 
their  administered  account;  2)  Costs  of  publication  of  two  volumes  of 
the  Proceedings  within  9  months. 

Trustees  of  the  Academy  Foundation:  William  A.  Daily  reported 
that  they  administer  endowment  funds  with  an  estimated  value  of 
about  $364,000.  During  this  year  to  date,  $11,446.86  was  paid  out  from 
earnings  into  the  research  and  publications  fund. 

Director  of  Public  Relations:  Paul  E.  Klinge  reported  good  press, 
radio  and  television  coverage  of  academy  activities  this  year. 

Research  Grants  Committee:  John  Patton,  chairman,  reported  that 
his  committee  had  made  12  grants,  totaling  $5,070,  in  1970. 

Academy  Representative  on  the  Council  of  the  A.A.A.S.:  Willis  H. 
Johnson,  delegate,  reported  no  actions  from  that  body  relevant  to  us. 

Youth  activities  committee:  Paul  E.  Klinge,  Chairman,  reported 
a  good  on-going  program.  However,  he  anticipated  that  changes 
would  be  necessary  in  the  next  year  as  a  result  of  the  rapid  current 
change  in  science  education  in  the  country.  The  two  following  reports 
are  from  subdivisions  of  this  committee. 
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Indiana  Science  Talent  Search:  Wendell  F.  McBurney,  Director, 
reported  a  successful  and  worthwhile  program  among  high  school 
students.  He  noted  a  serious  problem,  however.  The  National  Science 
Talent  Search  (which  provides  much  of  the  administrative  and  adver- 
tising support  for  the  Indiana  program)  has  this  year  prohibited 
work  by  applicants  on  live  vertebrate  animals  (wild  or  tame,  caged  or 
not).  It  was  moved,  seconded,  and  carried  that  the  officers  and  budget 
committee,  next  month,  after  investigation,  prepare  a  resolution  op- 
posing this  prohibition,  giving  reasons,  and  send  it  to  the  National 
Science  Talent  Search. 

Indiana  Junior  Academy  of  Science:  Donald  R.  Winslow,  Director, 
reported  a  very  successful  year  with  55  high  school  clubs  participating. 
He  recommended  that  a  revised  program  should  be  planned  and  operated 
to  meet  the  present  challenge.  For  one  thing,  only  a  small  percentage  of 
the  state's  high  school  students  are  being  helped  by  this  program. 

Library  Committee:  Mrs.  Lois  Burton  reported  for  Nellie  M.  Coats, 
Chairman,  that,  as  usual,  there  was  much  borrowing  of  the  Wright 
Memorial  Library's  materials  by  scientists  throughout  the  country. 

Program  Committee:  No  insoluble  problems  were  reported  by 
William  B.  Hopp,  Chairman.  The  spring  meeting  was  held  at  Turkey 
Run  State  Park,  May  1  and  2,  1970,  with  about  70  members  and  guests 
attending. 

Publications  Committee:  Editor  Marion  T.  Jackson  reported  that 
Indiana  scientists  are  writing  more  and  longer  papers  as  judged  from 
an  increasing  number  of  pages  submitted  to  the  Proceedings.  Suggestions 
were  asked  for  which  would  improve  the  editorial  review  policy.  A  second 
Monograph  is  in  press;  two  volumes  of  the  Proceedings  appeared  within 
9  months  as  they  caught  up  on  the  schedule. 

Committee  on  Relations  to  the  State:  William  A.  Daily  reported 
that  we  have  received  $4,000  per  year  for  several  years  from  the 
state  to  help  with  our  printing  and  binding  costs;  $5,500  has  been 
requested  for  each  of  the  next  2  years. 

Membership  Committee:  Rev.  Damian  Schmelz  reported  for  Eliot 
C.  Williams,  Chairman,  that  on  January  31,  1970,  there  were  930 
members.  We  had  lost  90  members  in  a  year  by  resignation,  death,  or 
nonpayment.  During  1969  we  added  72  new  members  and  reinstated  3 
members;  thus  we  had  a  net  loss  of  15  members. 

Fellows  Committee:  Benjamin  Moulton,  Chairman,  reported  that 
the  following  members  were  recommended  for  fellows — Emily  J.  Biasing- 
ham,  Frank  A.  Guthrie,  Clyde  W.  Hibbs,  Russel  K.  Stivers,  Herbert 
P.  Ulrich.    It  was  moved,  seconded  and  carried  that  they  be  so  elected. 

Emeritus  Membership  Committee:  Ralph  E.  Cleland,  Chairman, 
recommended  emeritus  status  for  Ray  T.  Everly  and  Walter  G.  Gingery. 
It  was  moved,  seconded  and  carried  that  they  be  so  elected. 
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Invitations  Committee:  James  C.  List,  Chairman,  reported  that 
we  will  meet  at  Earlham  College  in  1971,  at  St.  Mary's  College 
in  1972,  and  at  Indiana  Central  College  in  1973.  The  secretary  was 
directed  to  write  a  letter  of  acceptance  to  Indiana  Central  College 
for  the  1973  meeting. 

Scientific  and  Natural  Areas  Preservation  Committee:  Robert  0. 
Petty,  Chairman,  and  Rev.  Damian  V.  Schmelz  reported  that  their 
latest  registry,  now  being  widely  distributed  to  many  state,  local,  and 
private  agencies,  lists  399  areas  in  75  counties. 

Science  and  Society  Committee:  Willis  H.  Johnson,  Chairman,  re- 
ported that  Helmut  Kohnke,  the  Executive  Secretary,  now  operated 
from  an  office  in  the  State  Office  Building,  by  courtesy  of  Governor 
Whitcomb. 

Robert  Menke  reported  for  a  special  committee  on  natural  areas 
funding  that  he  had  raised  sufficient  money  to  save  the  Blue  Bluffs 
area. 

The  following  items  of  old  business  were  considered:  President 
Guthrie  reported  that  a  short  newsletter  had  been  sent  out  in  August, 
and  that  another  would  be  distributed  in  late  November  with  the 
cooperation  of  President-elect  Postlethwait. 

The  new  Science  Education  section  was  discussed.  A  motion 
was  approved  that  it  be  continued  provisionally  for  three  more  years. 

There  was  a  general  discussion  of  the  status  of  sections.  The 
constitution  (Article  IV,  Section  4)  and  our  current  program  are  at 
odds  on  names  and  activities. 

The  meeting  was  adjourned  at  9:44  PM. 

Approved  April  23,  1971. 

Respectfully  submitted, 
J.  Dan  Webster,  Secretary 


GENERAL  SESSION— NOVEMBER  6,  1970 
TERRE  HAUTE,  INDIANA 

President  Guthrie  called  the  meeting  to  order  at  11:10  am  in  Tilson 
Hall  of  the  Tirey  Memorial  Union  Building",  Indiana  State  University. 
Dean  John  J.  Corrigan  made  a  short,  friendly  speech  of  welcome, 
during  which  he  touched  on  the  current  problems  of  the  environment. 
Generally,  he  painted  an  optimistic  picture  of  man's  relationship  to 
natural  resources. 

The  Science  and  Society  Committee  presented  a  balanced,  thought- 
ful panel  discussion  entitled,  "Saving  the  Pieces  of  Primaeval  Indiana." 
Willis  H.  Johnson,  chairman,  introduced  the  panelists,  and  discussion 
followed  their  presentations.   The  panelists  and  their  theses  were: 

Professor  Marion  T.  Jackson  explained  the  scientific,  cultural, 
economic  and  aesthetic  importance  of  natural  areas. 

Reverend  Damian  V.  Schmelz  described  the  steady  loss  of 
natural  areas  in  Indiana,  currently  and  recently. 

Mr.  Robert  Menke  explained  some  of  the  problems  of  pre- 
serving natural  areas  in  Southern  Indiana,  chiefly  because  of 
public  indifference  or  opposition. 

Senator  Jess  Andrew  described  the  difficulties  of  preserving 
natural  resources  in  the  state  from  the  point  of  view  of  a  con- 
cerned legislator. 

Lawyer  James  M.  Barrett  III  argued  for  more  preservation 
of  natural  areas  by  private  conservation  groups  as  the  most 
practicable  method  of  ownership  and  management. 

The  secretary  summarized  the  actions  of  the  Executive  Committee 
at  last  night's  meeting.  The  following  amendment  to  the  By-laws  of 
the  Academy  was  moved  by  the  secretary,  seconded,  and  carried: 

Article  III,  Section  1.  Delete  the  last  clause,  reading,  "pro- 
vided that  any  bill  for  fifty  dollars  or  more  shall  be  approved 
by  the  President."  As  a  result,  Article  III,  Section  1  would  read, 
"The  Treasurer  is  authorized  to  issue  checks  in  payment  of  bills 
submitted  by  officers  or  committees  for  which  provision  has  been 
made  in  the  budget  for  that  year." 

Mrs.  Fay  K.  Daily  named  the  members  of  the  Academy  who  had 
died  during  the  past  year  (See  Necrology  Report,  page  25).  A  moment 
of  silence  was  observed  in  their  honor. 

The  meeting  was  temporarily  adjourned,  on  motion,  at  12:40  pm. 

The  meeting  was  reconvened  at  8:00  pm  by  President-elect  Postle- 
thwait,  after  dinner  and  in  the  West  Ball  Room  of  the  Tirey  Memorial 
Union  Building. 
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Resolutions  committee:  This  motion  was  presented — 

The  Academy  members  here  assembled  at  the  86th  Annual 
Meeting  express  their  appreciation  to  Indiana  State  University 
for  all  the  courtesies  which  have  been  extended  to  the  member- 
ship of  the  Academy  during  this  meeting.  We  are  particularly 
grateful  to  the  members  of  the  Program  Committee  which  included 
Professors  Marion  T.  Jackson,  Benjamin  Moulton,  Lawrence  E. 
Poorman,  Joseph  R.  Siefker,  Kenneth  W.  Uhlhorn  and  William  B. 
Hopp,  Chairman.  The  arranged  facilities  for  all  programs  at  this 
annual  meeting  were  excellent.  Further,  the  Academy  is  very 
appreciative  of  the  warm  welcome  and  his  learned  address  given 
at  the  general  session  by  Dr.  John  J.  Corrigan,  Associate  Dean, 
College  of  Arts  and  Sciences,  Indiana  State  University. 

The  Academy  members  were  especially  appreciative  of  the 
program  arranged  by  Prof.  A.  A.  Lindsey  entitled,  "Saving  the 
Pieces  of  Primaeval  Indiana."  Special  mention  is  made  of  Program 
Moderator,  Dr.  Willis  H.  Johnson,  of  Wabash  College,  and  panel 
discussion  members  Dr.  M.  T.  Jackson,  Indiana  State  University, 
Rev.  Damian  Schmelz,  St.  Meinrad  College,  Mr.  Robert  Menke, 
Trustee  of  Indiana  University,  State  Senator  Jess  Andrew,  and 
Attorney  James  M.  Barrett  III  of  Ft.  Wayne. 

It  was  seconded  and  carried.  The  members  of  the  resolutions  com- 
mittee were  Arthur  T.  Guard,  Howard  R.  Youse,  and  James  E.  New- 
man, Chairman. 

The  secretary  moved  that  the  101  new  members  on  his  list  be 
admitted  to  membership.    The  motion  was  seconded  and  carried. 

The  secretary  read  the  reports  from  the  various  sections,  giving 
the  results  of  their  election  of  chairmen  as  follows: 


Section 
Anthropology 
Botany 
Cell  Biology 
Chemistry 
Ecology 
Entomology 
Geology  and 

Geography 
History  of 

Science 
Microbiology 

and  Molecular 

Biology 
Physics 

Plant  Taxonomy 
Science  Education 
Soil  Science 
Zoology 


1971  chairman 
Georg  K.  Neumann 
James  R.  Rees 
William  J.  Griffing 
Gerald  R.  Bakker 
Carl  H.  Krekeler 
Robert  E.  Dolphin 
Charles  E.  Wier 

None  elected 

Robert  F.  Ramaley 


Malcolm  E.  Hults 
Fay  K.  Dailey 
Kenneth  W.  Uhlhorn 
Russell  K.  Stivers 
William  J.  Brett 


1972  chairman 

Willard  F,  Yates 
Frank  Padgett 

Claude  Wade 


Torsten  Alvager 
Gerald  Gastony 
Keith  Ault 
William  R.  Gommel 
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Nominating  committee:  (Harry  G.  Day,  Chairman;  Willis  H. 
Johnson,  Ralph  E.  Cleland)  presented  the  following  slate  of  officers 
for  1971:  President-elect — Otto  K.  Behrens.  Research  committee  mem- 
ber— Winona  H.  Welch.  Academy  foundation  trustee — William  A.  Dailey. 
Bonding"  committee — Robert  M.  Brooker  and  Howard  H.  Michaud.  A 
motion  was  moved,  seconded  and  carried  that  the  nominations  be  closed 
and  that  these  nominees  be  elected  by  unanimous  ballot. 

Frank  Guthrie  presented  an  enlightening  illustrated  lecture  en- 
titled, "Chromatography  and  Spectroscopy — the  New  Team  in  Chemis- 
try." 

The  meeting  adjourned  at  9:20  pm. 

Approved  April  23,  1971. 

Respectfully  submitted, 
J.  Dan  Webster,  Secretary 


FINANCIAL  REPORT  OF  THE 
INDIANA  ACADEMY  OF  SCIENCE 

January  1 — December  31,  1970 


I.     ACADEMY  ACCOUNTS 
Income 


Dues     $  3,889.00 

Reprints      4,630.47 

Interest   on    Savings    1,354.72 

Miscellaneous     67.47 

Secretary      

Clerical    

Postage,    etc.    

Treasurer    

Clerical      

Postage,     etc.     

Office     

Travel,    Dues    

Transfer  to   Administered  Accts. 

Proceedings :    Pub.    

Library:      Binding      

Science     &     Society     

Natural   Areas    Committee    

President's    Fund    

Membership     Committee     

Junior     Academy     

Program     Committee     

Chairman    

Printing    

Mailing    

Publications    

Editor      

Mailing      

$   9,941.66 


Expenditure        Budgeted 


$    5,202.9* 


572.28  $      400.00 


$   540.50 

31.78 

198.29 

225.00 

37.00 

161.29 

172.74 

175.00 

170.10 

180.00 

2,300.00 

500.00 

500.00 

1,000.00 

1,000.00 

600.00 

600.00 

200.00 

200.00 

20.00 

100.00 
75.00 

100.67 

150.00 

120.97 

700.00 

7.65 

28.00 

85.32 

400.00 

400.00 

161.88 

100.00 

$  4,216.93 

$  9,419.91 

$  4,805.00 

II.      ADMINISTERED    ACCOUNTS 


January  1 
Balance 

Science    Talent    $       135.35 

Science    Fairs     12,700.00 

Science     &     Society    511.89 

Research     433.52 

Natural     Areas     Comm.     

J.     S.     Wright     Library     134.28 

Lilly    III    Library    2,922.82 

Lilly    IV    Library    

Library     Binding 1,000.00 

Publications      1,029.50 

NSF     Grant      7,170.72 

$26,038.08 
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1970 
Income 

;  3,500.00 
12,210.00 

600.00 
10,760.00 

200.00 


15,000.00 

1,000.00 

11,246.03 

20,000.00 

$74,516.03 


1970  December  3 

Expenditure       Balance 


$   1,800.98 

22,599.02 

300.07 

5,074.95 

213.50 


966.45 

11,278.52 

14,400.07 

$56,633.56 


$   1,834.37 

2,310.98 

811.82 

6,118.57 

-13.50 

134.28 

2,922.82 

15,000.00 

1,033.55 

997.01 

12,770.65 

$43,920.55 
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III.     SUMMARY 


Academy  Administered 

Accounts  Accounts  Total 


1970    Income    $  9,941.66  $74,516.03  $84,457.69 

1970     Expenditure     9,419.91  56,633.56  66,053.47 

Net    Gain    1970    521.75  17,882.47  18,404.22 

1969     Balance     9,774.34  26,038.08  35,812.42 

December    31    Balance    10,296.09  43,920.55  54,216.64 


IV.     BANK  BALANCES 

Terre    Haute    First    National    Bank,    Terre   Haute,    Indiana    $32,817.53 

Great   Western    Savings    &    Loan,    Los   Angeles,    California    10,938.78 

First  Western   Savings   &   Loan,   Las  Vegas,   Nevada   10,460.33 

Total    Assets    in    All    Accounts    $54,216.64 

Rev.  Damian  Schmelz,  Treasurer 
December  31,  1970 

We,  the  undersigned,   have  audited   the  Treasurer's   records  for  the  Indiana   Academy 
of   Science   for   the   year    1970   and   have   found   them   to   be   accurate   and   in   order. 


W.  G.  Kessel 

Joseph  R.  Siefker 

January  21,  1971 


BUDGET  FOR  1971 


Anticipated  Income 


$  4,000.00         Dues,  Initiation,  and  Reinstatement  Fees 
800.00         Interest  on  Savings 
200.00         Sale  of  Reprints  to  Authors 


$  5,000.00  TOTAL  ACADEMY  INCOME 

Budgeted  Expenditures 

$      500.00  Secretary 

225.00  Treasurer 

175.00  Office  Supplies 

180.00  Travel  Allowance,  A.A.A.S.  Conference  Dues,  etc. 

100.00  President's  Contingency  Fund 

75.00  Membership  Committee 

200.00  Junior  Academy  of  Science 

600.00  Program  Committee 

400.00  Editor's  Travel  and  Office  Expenses 

Speaker  of  the  Year 
500.00  Honorarium 

50.00  Administrative  Expenses 

Proceedings 
500.00  Publication 

100.00  Mailing  Expenses 

1,000.00  Academy  Library:  Binding  Expenses 

600.00  Science  and  Society  Committee 

575.00  Committee  on  Preservation  of  Scientific  and  Natural  Areas 


$  5,880.00     TOTAL  BUDGET 

Approved  by  the  Budget  Committee  at  Indianapolis  December  5,  1970. 
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NOTES 

Dues — New  memberships  for  1970  numbered  114.  Current  members  who  have  not  paid 
numbered  116.  Anticipated  income  was  $4,000.00. 

Reprints — Volumes  78  and  79  of  the  Proceedings  are  represented.  Several  authors  have 
not  paid  for  their  reprints.  Net  expense  to  the  Academy  for  both  volumes  was 
$168.50  (necrology,  President's  address,  instructions  for  authors).  Net  income 
should   finally   be   $404.04.    Anticipated   income   for   each   volume   was   $150.00. 

Savings — Anticipated  income  was  $700.00.  Two  certificates  with  First  Western  valued 
at  $8,525.34  were  redeemed  during  the  year  to  allow  Science  Fairs  to  invest 
$15,400.00  from  its  administered  account  directly.  It  is  planned  to  invest  part 
of  the  current  balance  in  the  checking  account  at  Terre  Haute  in  new  certifi- 
cates. Along  with  expansion  and  consolidation,  the  name  of  Equitable  Savings 
has  been  changed  to  Great  Western  Savings. 

Miscellaneous — Mainly  a  donation  from  Dr.  William  A.  Wilier  of  the  Fort  Wayne 
Academy  of   Science   at   the   time   the   organization    was   disbanded. 

Publications:  Mailing — The  expenditure  exceeded  the  budgeted  amount  due  to  a  second 
volume  being  mailed  within  the  current  year.  The  cost  of  each  mailing  was  less 
than  $100.00.  With  the  approval  of  the  budget  committee,  in  the  future  this 
item  will  be  handled  as   an   administered  account. 

Program  Committee — Some  bills  are  still  due  from  the  fall  meeting. 

Natural  Areas  Committee — 1970  was  the  first  year  for  its  budget.  Computer  programming 
costs  slightly  exceeded  the  anticipated. 

Research — Income  represents:  $10,300.00  transferred  from  Endowment  Funds;  $375.00 
donation  from  A.A.A.S.  ;  $85.00  refund  (amount  not  needed)  from  previous  grant 
to   Dr.    Sears   Crowell.    Expenditure   represents    12   grants   to   Academy    members. 

Lilly  IV  Library — A  grant  from  Lilly  Endowment,  Inc.  in  support  of  the  John  Shepard 
Wright  Memorial  Library  in  December. 

Publications — Income  represents :  $4,488.34  for  volume  78  and  $5,523.94  for  volume  79 
of  Proceedings  transferred  from  Endowment  Funds ;  $500.00  transferred  from 
Academy  operating  account;  $169.00  from  sale  of  Proceedings,  $499.75  from 
sale  of  Natural  Features,  $65.00  from  sale  of  Monograph   #1. 

Rev.  Damian  Schmelz,  Treasurer 
December  31,   1970 


INDIANA  JUNIOR  ACADEMY  OF  SCIENCE 

OFFICERS 
President:     Rachel    Koontz,    New    Haven    Senior    High    School,    New 

Haven,  Indiana 
Vice    President:      Mark    Coates,    Madison    Consolidated    High    School, 

Madison,  Indiana 
Secretary:     John"    Farrell,    Brebeuf    Preparatory    School,    Indianapolis, 

Indiana 

JUNIOR  ACADEMY  COUNCIL 
Mr.    Charles    Souers,    University    Junior    High    School,    Bloomington, 

Indiana 
Miss  Helen  Reed,  Manual  High  School,  Indianapolis,  Indiana 
Mr.  David  Blase,  Arlington  High  School,  Indianapolis,  Indiana 
Dr.  Mary  J.  Pettersen,  Morton  High  School,  Hammond,  Indiana 
Sr.  Mary  Alexandra,  Roncalli  High  School,  Indianapolis,  Indiana 

STATE  DIRECTOR 
Prof.    Donald    R.    Winslow,    Morrison    Hall    103,    Indiana    University, 
Bloomington,  Indiana 

REGISTRATION 

Students    from    Schulte    High    School    who    helped    with    registration    at 

Junior  Academy  of  Science  on  November  7,  1970. 

Mary  Barkouskie  Greg  Dawson  Steve  Kindrick 

Kathy  Borders  Tom  Fischer  Chuck  Malooley 

Julie  Butwin  Steve  Grohovsky  Rob  Scott 

Pat  Conway  John  Joy  Marissa  Sison 

B  rend  a  Curtis 

PROGRAM 

Thirty-Eighth  Annual  Meeting 

Saturday,  November  7,  1970 

8:00  am 

Junior  Academy  Council  Meeting.    Room  183,  Science  Building. 

8:30-10:30  am 

Junior  Academy  Council  Interviews  for  "Best  Boy" — "Best  Girl" 
Scientists  Awards.   Room  183,  Science  Building. 

8:30-11:30  AM 

Tours  of  Laboratories  and  Research  Facilities.  Tours  to  be  ar- 
ranged by  Dr.  Jack  Munsee  and  Dr.  Gene  Poorman,  Indiana  State 
University. 

11:30  am-1:00  pm 

Lunch.    Tirey  Memorial  Grill. 

IS 
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1:00  pm 

Junior  Academy  General  Session,   Tilson  Music  Hall,  Tirey  Memorial 
Union  Building".   Rachel  Koontz,  Presiding. 

1:30  PM 

Presentation  of  papers. 

3:30  pm 

General  announcements,  presentation  of  awards,  adjournment. 

PROGRAM  OF  PAPERS 

1.  The  Results  of  Feeding  Hydroponics  Grass  to  Swine  and  Poultry. 
Elaine    Berning,    Heritage    Science    Club,    Heritage    High    School, 
Monroeville,  Indiana. 

2.  Will  Cyclamates  Affect  the  Next  Generation  ? 

Mark  Elliott,  Heritage  Science  Club,  Heritage  High  School,  Mon- 
roeville, Indiana. 

3.  Bacteria  and  Your  Health. 

Steve  Grohovsky,  Pius  X  Science  Teens,  Schulte  High  School,  Terre 
Haute,  Indiana. 

4.  Effects    of    Dichloro    Diphenyl    Trichloro    Ethane    on    Chick    Embryo 
Development. 

Steve   L.    Marietta,    Pius    X    Science    Teens,    Schulte    High    School, 
Terre  Haute,  Indiana. 

AWARDS 
Awards  will  be  presented  to  the  "Best  Boy"  and  "Best  Girl"  scientists 
by  the  American  Association  for  the  Advancement  of  Science. 
The   American   Society  for   Microbiology,   Indiana   Branch,  will   give   an 
award  for  the  best  paper  presented  in  the  area  of  microbiology. 


MINUTES  OF  THE  THIRTY-EIGHTH  ANNUAL 

MEETING  OF  THE  INDIANA  JUNIOR 

ACADEMY  OF  SCIENCE 

The  thirty-eighth  annual  meeting  of  the  Indiana  Junior  Academy 
of  Science  was  held  Saturday,  November  7,  1970,  on  the  campus  of 
Indiana  State  University  in  Terre  Haute,  Indiana.  Students  and 
teachers  in  attendance  represented  16  high  school  clubs. 

President  Rachel  Koontz  called  to  order  the  general  session  at 
1:00  PM  in  the  Tilson  Music  Hall,  Tirey  Memorial  Union  building. 
Prior  to  this  meeting,  members  and  their  sponsors  were  taken  on 
conducted  tours  of  the  Science  Building.  Dr.  Lawrence  E.  Poorman 
and  Dr.  Jack  Munsee  of  Indiana   State  University  arranged  the  tours. 

Vice  President  Mark  Coates  presided  over  the  presentation  of 
papers.  Dennis  DeRosa  of  Hammond  Morton  presented  a  paper  as 
well  as  did  Steve  Marietta  of  Terre  Haute  Schulte. 
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The  presentation  of  papers  was  followed  by  the  election  of  officers. 
Nominations  for  secretary  were  received  from  the  floor.  The  results 
of  the  election  were  as  follows: 

John  Joseph  Farrell,  Brebeuf  Preparatory  School,  President 
Dennis  DeRosa,  Hammond  Morton,  Vice-President 
Barbara  Konkle,  Madison  High  School,  Secretary 

Membership  charters  were  presented  to  three  new  clubs  as  follows: 
Heritage  High  School  Monroeville 

Martinsville  High  School  Martinsville 

Harrison  High  School  Evansville 

Next,  the  AAAS  award  for  the  "Best  Boy  Scientist"  was  presented 
to  Eric  Valainis  of  Brebeuf  Preparatory  School,  Indianapolis. 

For  a  brief  time  the  officers  entertained  suggestions  from  the 
floor  concerning  ways  in  which  the  program  could  be  improved  for  next 
year. 

President  Rachel  Koontz  adjourned  the  meeting  at  2:30  PM. 

The  students  of  Schulte  High  School  acted  as  hosts  for  the  meeting. 

Respectfully  submitted, 
John  Farrell,  Secretary 
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City 

Evansville 
Hartford  City 
Martinsville 
Monroeville 


New  Clubs  for  1970 
School 
Harrison  High  School 
Blackford  High  School 
Martinsville  High  School 
Heritage  High  School 


Sponsor 
James  Schwengle 
Donald  W.  McAfee 
Henry  Pearcy 
Coleen  Snyder 


Fungi: 


Tracheophyta: 


Protozoa : 


Insecta: 


Amphibia: 


Aves: 


BIOLOGICAL  SURVEY  COMMITTEE 

Leland  Chandler,  Chairman,  Purdue  University 

Publications  of  1969-1970 
Dealing  with  the  Biota  of  Indiana 

Green,  Ralph  J.,  Jr.  1970.  Black  root  rot  of  walnut  seedlings 
caused  by  Phytophthora  citricola.  Plant  Disease  Reporter  54:583- 
585. 

Mislivec,  P.  B.,  and  J.  Tuite.  1970.  Species  of  Penicilliurn  occur- 
ring in  freshly  harvested  and  in  stored  dent  kernels.  Mycologia 
62:67-74. 

Mussell,  H.  W.,  and  R.  J.  Green,  Jr.  1970.  Host  colonization  and 
polygalacturonase  production  by  two  tracheomycotic  fungi. 
Phytopathology  60:192-195. 

Ullstrup,  A.  J.,  E.  B.   Smalley,  G.  L.   Worf,  and  R.   W.   Ahrens. 

1969.  Eyespot;  a  serious  new  disease  of  corn  in  the  U.S.A. 
Phytopathology  59:1054. 

Gastony,  Gerald  J.   1971.  Asplenium  pinnatifidum  x  triehomanes — 

a  new  record  for  Indiana.  Amer.  Fern  J.  61 : 
Lindsey,  A.  A.,  and  Linda  Escobar.    1970.   Beech-maple  and  maple- 

basswood   regions   of    the    deciduous   forest   formation.    Vols.    I,    II, 

and   Suppl.,    National    Park   Service,    Washington,   D.C.    471    p. 
Schmelz,   Damian   V.,   and   Alton    A.    Lindsey.    1970.    Relationships 

among  the  forest  types  of  Indiana.  Ecology  51 :620-629. 
Schreiber,    M.    M.,    and   L.    R.    Oliver.    1971.    Two   new   varieties   of 

Setaria  viridis.  Weed  Science. 

Mueller,  Jo  Anna,  and  Wayne  P.  Mueller.  1970.  Colpoda  cucullua: 
a  terrestrial  aquatic.  Amer.  Midland  Natur.  84:1-12. 

Arnett,  R.  H.,  Jr.  1970.  Objectives  of  a  taxonomic  catalog  of 
Coleoptera.  Coleopterists'  Bull.  24:76-83. 

Downie,  N.  M.  1970.  Notes  on  a  rare  beetle,  Cerophytua  pulsator 
Hald.  Coleopterists'  Bull.  24:128. 

Pedigo,  Larry  P.  1970.  Activity  and  local  distribution  of  surface- 
active  Collembola:  I.  Woodland  populations.  Amer.  Midland 
Natur.  83:107-118. 

Pedigo,  Larry  P.  1970.  Activity  and  local  distribution  of  surface- 
active  Collembola:  II.  Pond-shore  populations.  Ann.  Entomol. 
Soc.  Amer.  63:753-760. 

Shade,    Richard   E.,    Harry   L.    Hansen,   and   M.    Curtis    Wilson. 

1970.  A  partial  life  table  of  the  cereal  leaf  beetle,  Oulema 
melanopus,  in  northern  Indiana.  Ann.  Entomol.  Soc.  Amer. 
63:52-59. 

Fulk,  F.  D.,  and  J.  O.  Whitaker,  Jr.  1969.  The  food  habits  of 
Rana  catesbiana  in  three  habitats  in  Owen  County,  Indiana. 
Proc.  Indiana  Acad.  Sci.  78:491-496. 

Indiana  Audubon  Society  Members.  1970.  Many  titles  in  Indiana 
Audubon  Quart.  47. 


Aquatic  Animals:  Gammon,  James  R.   1970.   Aquatic  life  survey  of  the  Wabash  River 

with  special  reference  to  the  effects  of  thermal  effluents  on 
populations  of  macroinvertebrates  and  fish.  Final  Report,  Public 
Service  Indiana.  60  p. 
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Acarina:  McBrayer,    James   F.    1970.    Trophic   level    delineation    of   forest   soil 

microinvertebrates.  M.S.  Purdue. 
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Insecta:  Bitner,    Ronnie    M.    1970.    The    population    structure    of    coexisting 

wasp  and  bee  species.  M.S.  Purdue. 

Christensen,  Christian  M.  1970.  A  biological  study  of  Aphodius 
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Lawson,  H.  R.  1970.  The  Planipennia  (Neuroptera)  of  Indiana. 
M.S.  Purdue. 

MacLean,  David.  1969.  Ordination  of  forest  insect  and  plant  com- 
munities  in    west-central    Indiana.    Ph.D.    Purdue. 

Ward,  Gertrude  L.  1970.  The  comparative  ethology  of  coexisting 
mud  dauber  species.  Ph.D.  Purdue. 

White,  David  S.  1970.  The  effect  of  limestone  sediment  on  the 
macroinvertebrates  of  Deer  Creek.    M.A.    DePauw. 
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Borne,  J.  O.  1970.  Effects  of  acid  mine  pollution  upon  the 
occurrence  of  invertebrate  and  fish  populations  in  Sugar  Creek, 
Vigo  County,  Indiana.  M.A.  Indiana  State. 

Sly,  G.  R.  1970.  Small  mammal  succession  on  strip-mined  land  in 
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Oliver,  F.  Ellen.  Indiana  State, 
the  vegetation  of  Vigo  County: 
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Chamberlain,  William  M.  Indiana  State.  Effect  of  heat  pulsing 
on  the  growth  and  reproduction  of  the  cladoceran,  Daphinia 
rosea. 
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Mammalia : 
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Chandler,  Leland.  Purdue.  Nectar  whipping  among  species  of 
bees;  the  lapidopterous  family,  Epipyropidae;  the  inducement  of 
social  behavior  in  subsocial  bees;  the  mechanisms  of  coexistence 
in  nesting  populations  of  wasps  and  bees ;  A  text  book  for 
Ecology. 

Siverly,  R.  E.  Ball  State.  The  mosquitoes  of  Indiana;  the  ecology 
of  species  of  Diptera. 

Whitaker,  J.  O.,  Jr.  Indiana  State.  Ecology  of  Indiana  mammals 
and  their  parasites. 

Gammon,  J.  R.  Depauw.  The  response  of  fish  and  macroinverte- 
brate  populations  to  heated  effluents;  effect  of  sediment  on 
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Fay  Kenoyer  Daily,  Butler  University 
Lawrence  H(enry)  Baldinger 


Galion,  Ohio 


South  Bend,  Indiana 


January  12,  1907 


November  28,  1970 


Very  often  opportunity  limits  the  expression  of  a  man's  abilities 
to  only  one  phase  of  academic  service  such  as  teaching,  research  or 
administration.  However,  the  professional  life  of  Dr.  Lawrence  H. 
Baldinger  demonstrated  his  great  ability  in  all  of  these  areas. 

Born  in  Galion,  Ohio,  January  12,  1907,  Dr.  Baldinger  completed 
grade  school  there  and  also  graduated  from  the  high  school  in  Galion 
in  1924.  He  then  attended  Western  Reserve  University  at  Cleveland, 
Ohio,  receiving  the  degrees  of  Pharmaceutical  Chemist  in  1928  and 
Bachelor  of  Science  in  1929.  Graduate  work  at  Notre  Dame  University, 
Notre  Dame,  Indiana,  rewarded  him  with  the  degrees  of  Master  of 
Science  in  1931  and  Doctor  of  Philosophy  in  Chemistry  in  1933.  He 
had  been  an  instructor  in  pharmacy  at  Notre  Dame  from  1929  to  1933 
and  became  professor  and  head  of  the  department  in  1933.  He  con- 
tinued in  this  capacity  until  1939  when  the  department  was  discon- 
tinued   and    the    faculty   was    absorbed    into    the    chemistry    department 
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where  he  was  assistant  professor  of  chemistry  from  1939  to  1942, 
and  professor  from  1943  to  1960.  He  was  also  made  dean  of  the 
College  of  Science  in  1943  after  serving  as  assistant  dean  in  1941  and 
acting  dean  in  1942.  He  served  as  dean  until  1960  when  he  became 
associate  dean. 

The  Notre  Dame  Alumnus  (September,  1960)  headed  an  article: 
'Tradition  of  excellence  bequeathed  by  Dean  Baldinger  to  Dean-elect 
Rossini."  In  the  article,  the  impact  of  Dr.  Baldinger's  teaching  and 
administrative  ability  is  extolled.  It  states  that  in  the  30  years  at 
the  university  as  head  of  pharmacy,  professor  of  chemistry,  assistant 
dean  and  for  17  years  as  dean  of  the  College  of  Science,  Dr.  Baldinger 
was  very  effective  as  advisor  to  premedical  students  and  would  con- 
tinue in  that  capacity  as  associate  dean.  His  influence  was  measured 
by  the  large  number  of  M.D.  degrees  obtained  by  his  former  students, 
the  high  ranking  for  Notre  Dame  men  in  medical  schools  and  com- 
petitive exams  across  the  country  and  the  dozens  of  letters  every 
year  thanking  Dr.  Baldinger  for  his  help  and  encouragement. 

Another  article  in  The  Notre  Dame  Alumnus  (March,  1958)  gives 
a  brief  biography  of  Dr.  Baldinger  and  mentions  the  Lay  Faculty 
Award  for  Outstanding  Service  to  the  university  received  by  Dr. 
Baldinger  in  1950.  In  addition,  an  award  named  in  his  honor  was 
first  presented  to  a  pre-medical  senior  student  by  Notre  Dame  in  1968. 

Dr.  Baldinger  did  extensive  research  on  the  oil  of  peppermint. 
Some  of  this  work  was  done  at  Purdue  University  during  the  summers 
of  1938  to  1941  for  the  U.S.  Department  of  Agriculture  cooperating 
with  the  Horticulture  Department  of  Purdue.  He  published  numerous 
technical  articles.  Papers  presented  at  the  Indiana  Academy  of  Science 
dealt  with  the  iodine  number  for  the  oil  of  peppermint;  assay  for 
menthone  in  oil  of  peppermint;  and  (as  co-author  with  V.J.  Traynelis) 
reduction  of  oil  of  peppermint  with  lithium  aluminum  hydride.  When 
president  of  the  Indiana  Academy  of  Science,  however,  in  1961,  his 
address  to  the  members  drew  on  his  initial  profession,  pharmacy,  for 
material.  It  contributed  valuable  historical  data  about  Academy  mem- 
bers interested  in  pharmaceuticals.  Drug  research  and  new  product 
development  were  traced  into  manufacture,  control  and  sale  showing 
keen  insight  into  the  challenges  involved.  Dr.  Baldinger  became  a 
member  of  the  Academy  in  1930  and  was  honored  as  Fellow  in  1949. 
He  was  active  as  a  member  of  the  Science  Talent  Search  and  Resolu- 
tions Committees,  served  as  Chairman  of  the  History  of  Science  Section 
in  1967;  was  Vice-President  of  the  Academy  in  1960;  and,  as  mentioned 
above,  was  president  in  1961. 

Other  professional  affiliations  of  Dr.  Baldinger  were  with  the 
American  Association  of  the  Advancement  of  Science  of  which  he 
was  a  Fellow,  American  Pharmaceutical  Association,  Indiana  Chemical 
Society,  American  Chemical  Society,  Rho  Chi  and  Phi  Delta  Chi. 
He  is  listed  in  American  Men  of  Science,  Indiana  Scientists,  Who's 
Who  in  Indiana  and  Who's  Who  in  the  Midwest. 
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Charles  H.  Bechert 
Indianapolis,  Indiana  Indianapolis,  Indiana 

June  15,  1905  July  10,  1970 

A  native  of  Indiana  and  educated  in  this  state,  Mr.  Charles  H. 
Bechert  was  Director  of  the  Division  of  Water,  Department  of  Natural 
Resources  of  Indiana. 

Mr.  Bechert  was  born  in  Indianapolis  June  15,  1905,  and  received 
his  early  education  in  that  city.  He  graduated  from  Manual  Training 
High  School  becoming  a  Roines  Alumnus  (Honorary).  He  then  went 
to  Purdue  University  receiving  a  B.S.  degree  in  Civil  Engineering  in 
1929. 

His  professional  career  began  right  after  graduation  from  Purdue 
when  he  joined  the  staff  of  the  Division  of  Water  of  the  Department 
of  Natural  Resources  as  a  Sanitary  Engineer,  the  first  in  their  de- 
partment. He  served  as  Assistant  State  Engineer,  State  Engineer 
(1929  to  1965)  and  finally  as  Director  (1945  to  1970).  He  administered 
regulations  concerning  lakes,  streams  and  ground  water.  He  served 
as  officer  and  member  of  many  committees,  commissions,  boards  and 
associations  pertaining  to  water  use  and  water  supplies.  He  was 
past  president  of  the  American  Society  of  Civil  Engineers  and  the 
Indiana  Division  of  the  American  Waterworks  Association.  He  was 
a  member  of  the  Scientech  Club  and  the  Indiana  Society  of  Profes- 
sional Engineers. 

His  professional  ability  was  recognized  by  Matthew  E.  Welch 
in  1963  when  Mr.  Bechert  was  appointed  Sagamore  of  the  Wabash. 
He  had  also  been  honored  in  1955  by  the  American  Waterworks 
Association  when  he  was  given  the  George  Fuller  award.  He  is  listed 
in  Who's  Who  in  the  Midwest  (1967-1968)  and  was  the  subject  of  an 
article  in  Outdoor  Indiana  (May,  1961).  Other  organizations  with  which 
he  was  affiliated  are  Tau  Kappa  Epsilon  and  Chi  Epsilon  (Honorary, 
Civil  Engineering)  fraternities,  and  he  was  founder  of  the  St.  Meinrad 
Seminary  Parents  Association  and  Catholic  Youth  Organizations  Camp 
Committee.  Mr.  Bechert's  membership  in  the  Indiana  Academy  of 
Science  was  very  brief  having  joined  in  1967. 

Mr.  Charles  H.  Bechert  was  65  when  he  died  July  10,  1970. 


E(DWARD)     WlLLARD    BERRY 

Passaic,  New  Jersey  Corpus  Christi,  Texas 

November  24,  1900  May  10,  1968 

Dr.  E.  Willard  Berry  was  retired  from  Duke  University  and  living 
in    Corpus    Christi,    Texas,    at    his    death    May    10,    1968.     During    his 
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career,  he  had  brought  the  geology  department  at  Duke  University 
from  a  one-man  department  to  one  having  four  full-time  faculty 
members  and  a  visiting  lecturer.  A  list  of  his  published  works  (see 
memorial  by  James  H.  Zumberge,  Geological  Society  of  America) 
is  quite  long.  His  consulting  activities  were  varied  in  promoting  mineral 
industries  in  the  state  of  North  Carolina  as  well  as  oil  exploration 
on  the  coastal  plains.  His  travels  were  wide  and  meaningful  activities 
many. 

Born  in  Passaic,  New  Jersey,  November  24,  1900,  Dr.  Berry  was 
influenced  strongly  in  his  education  by  his  father,  Edward  Wilber 
Berry,  distinguished  paleobotanist,  dean  and  provost  at  John  Hopkins 
University.  Dr.  E.  Willard  Berry  received  a  bachelor's  degree  in 
1923  and  a  Ph.  D.  degree  (geology)  in  1929  from  John  Hopkins  Uni- 
versity. 

During  his  professional  career,  he  was  Micropaleontologist  for  the 
International  Petroleum  Company  in  Negritos,  Peru,  from  1925  to 
1928,  and  he  was  an  instructor  in  Geology  at  Ohio  State  University 
from  1929  to  1936. 

It  was  in  1929  while  Dr.  Berry  lived  in  Columbus,  Ohio,  that  he 
joined  the  Indiana  Academy  of  Science  and  kept  his  membership  even 
though  out  of  state  through  the  years.  He  was  made  Emeritus  Mem- 
ber in  1967. 

In  1936,  Dr.  Berry  went  to  Duke  University  as  an  assistant 
professor,  chairman  and  sole  teacher  of  the  Department  of  Geology. 
He  taught  all  geology  courses  given  during  his  first  10  years  there. 
He  became  full  professor  in  1950.  His  courses  were  stimulating  and 
the  department  grew  under  his  able  direction. 

Other  professional  activities  were  many.  Besides  those  listed 
above,  he  was  an  assistant  in  the  Maryland  Geological  Survey  1921 — ; 
field  assistant  with  the  United  States  Geological  Survey  in  1921  and 
1923;  assistant  geologist  with  the  State  Bureau  of  Economic  Geology 
in  Texas,  1924;  and  with  the  Ohio  Geological  Survey  1930 — . 

He  belonged  to  many  organizations  and  was  correspondent  of 
the  Geological  Society  of  Peru  and  the  Revue  de  Geologic,  Belgium; 
Vice  President  of  the  Paleobontanical  Section  of  the  International 
Botanical  Congress  in  1935.  He  belonged  to  the  American  Association 
for  the  Advancement  of  Science  and  was  a  Fellow  of  the  Geological 
Society  of  America,  Geological  Society  of  London  and  Paleontological 
Society  of  America.  He  was  a  member  of  the  Institute  of  Mining, 
Metallurgical  and  Petroleum  Engineers,  American  Association  of  Pe- 
troleum Geologists,  the  American  Geophysical  Union,  Society  of  Geology 
of  France,  Switzerland  Geological  Society,  Geological  Society  of  Mexico, 
New  Zealand  Geological  Society  and  Geological  Society  of  South 
Africa.  He  was  president  of  the  North  Carolina  Academy  of  Sciences 
1957  to  1958,  member  of  Kappa  Sigma,  Sigma  Xi  and  Society  of 
Friends.  He  was  Charter  Member  of  the  Carolina  Geological  Society 
and    a    leader    in    forming   the    Southeastern    Section    of   the    Geological 
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Society  of  America.    He  is  listed  in  American  Men  of  Science,   Who's 
Who  in  America  and  International  Blue  Book. 

Dr.  Berry's  travels  took  him  to  Alaska,  France,  South  America, 
Africa,  Australia  and  in  1961  to  the  University  of  Malaya  where  he 
was  a  Fulbright  Professor  of  Geology  for  a  year. 

Dr.  E.  Willard  Berry  retired  from  Duke  University,  Durham, 
North  Carolina,  in  1967.  He  died  May  10,  1968,  at  Corpus  Christie, 
Texas,  where  he  had  moved  after  retirement.  His  full,  active  life 
had  great  impact  on  his  students,  profession  and  associates. 


KONSTANTIN   D  (  MITRIEWICH  )     KOLITSCHEW 

Kazan,  Russia  Indianapolis,  Indiana 

November  26,  1901  February  15,  1970 

Dr.  Konstantin  D.  Kolitschew  was  born  in  Kazan,  Russia,  Nov. 
26,  1901.  Kazan  was  the  capital  of  the  Kazan  government  until  1920, 
a  major  industrial  and  commercial  center  as  well  as  the  leading 
cultural  center  of  the  Volga  region.  Dr.  Kolitschew's  education  began 
in  the  city  schools  and  he  graduated  from  Kazan  High  School  in  1918. 

These  were  turbulent  times  for  this  region  of  the  world  greatly 
influencing  the  life  of  this  man.  His  graduation  from  high  school 
followed  shortly  after  the  Bolshevist  revolution  of  1917  and  the  estab- 
lishment of  a  communist  state.  There  was  great  economic  confusion 
and  organized  resistance  to  the  new  regime.  The  allies  supported  the 
"White  Guards,"  a  Russian  army  which  opposed  the  Bolsheviks.  It 
was  organized  and  defeated  in  1919.  Konstantin  Kolitschew  served 
in  the  White  Russian  army  and  was  a  member  of  the  anti-communist 
underground. 

Dr.  Kolitschew  then  attended  college,  majoring  in  physics  and 
mathematics  at  the  State  University  of  Irkutsk,  Siberia,  from  which 
he  received  a  degree  in  1921.  After  that  he  attended  the  Chemical 
Technological  Institute  at  Tomsk,  Siberia,  where  he  obtained  a  Ph.D. 
degree  in  Chemistry  (Engineering)  in  1928. 

Dr.  Kolitschew's  professional  career  began  as  Technical  Director 
of  a  china  factory  in  Irkutsk  where  he  worked  until  1930.  He  was 
then  Research  Engineer  at  the  Irkutsk  Research  Institute  for  Gold 
and  Colored  Metals  from  1930  to  1932.  In  1932,  he  became  head  of 
research  in  the  physics  laboratory  of  the  Corporation  of  Gold  Mines 
of  East  Siberia.  He  was  head  of  the  department  of  physics  at  the 
Institute  of  Forestry  in  Ioshkar-Ola  (Yoshkar-Ola),  Mari  autonomous 
Soviet  Socialist  Republic  from  1934  to  1936  and  head  of  the  physics  de- 
partment at  Smolensk  University  from  1936  to  1941. 

There  is  no  record  of  his  professional  activity  from  that  date 
until  1952.    During  these  years  World  War  II  erupted  and  Dr.  Kolits- 
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chew  escaped  communist  Russia  with  his  wife,  Matrona,  also  a  Ph.  D. 
in  Mathematics.  They  made  their  way  to  the  United  States  of  America 
where  Dr.  Kolitschew  became  head  of  the  physics  department  at 
Piedmont  College,  Demarest,  Georgia,  in  1952.  He  taught  there  3  years 
coming  to  Indiana  in  1955  as  Physics  Professor  and  Head  of  the 
Department  at  Indiana  Central  College,  Indianapolis,  Indiana.  He 
joined  the  Indiana  Academy  of  Science  in  1956  and  was  Chairman  of 
the  Physics  Section  and  member  of  the  Executive  Committee  in  both 
1964  and  1967. 

He  also  belonged  to  the  Georgia  Academy  of  Science,  the  American 
Association  for  the  Advancement  of  Science  and  American  Association 
of  Physics  Teachers. 

Dr.  Kolitschew  retired  from  Indiana  Central  College  in  1967  be- 
coming Professor  Emeritus.  He  continued  part-time  in  a  teaching 
capacity  until  his  failing  health  brought  this  to  a  close.  He  was  68 
years  old  when  he  finally  succumbed  February  15,  1970. 


Archie  V.  Lott 
Clark  County,  Indiana  Clark  County,  Indiana 

March  21,  1892  November  18,  1969 

The  life  of  Archie  V.  Lott  was  very  unusual.  He  was  a  retired 
mail  carrier  at  his  death,  November  18,  1969,  but  his  avocation  brought 
recognition  in  scientific  fields. 

He  was  born  near  Sellersburg  in  Clark  County,  Indiana,  on 
March  21,  1892.  He  attended  the  Hamburg  grade  school  which  had 
one  room,  and  graduated  from  the  Silver  Creek  High  School  in  1909. 
He  then  received  a  degree  from  Marion  Normal  College.  From  1910 
to  1911  he  was  a  teacher  in  a  one-room  school,  and  from  1911  to 
1912  he  was  principal  of  the  Borden  Grade  School.  From  1912  to 
1914  he  was  principal  of  the  Henryville  Grade  School.  He  served 
as  private  in  the  19th  Division  in  World  War  I,  and  was  a  charter 
member  of  the  Wilber  M.  Ruby  Post  of  the  American  Legion. 

In  1920,  he  became  a  rural  mail  carrier  which  was  his  profession 
until  retirement  at  70  years  of  age. 

One  of  his  avocations,  interest  in  weather  and  wind  systems,  began 
in  high  school  and  was  stimulated  by  his  acquaintance  in  1930  with 
the  chief  of  the  weather  bureau  in  Louisville,  Kentucky,  where  he 
was  privileged  to  use  the  extensive  library.  He  became  a  member 
of  the  American  Meteorological  Society  and  joined  the  Indiana  Academy 
of  Science  in  1936.  He  gave  several  interesting  papers  at  Academy 
meetings  chiefly  on  wind  systems  and  theories  of  climatic  cycles. 

He  was  also  interested  in  horticulture.  With  his  sister,  Esther 
Lott,  he  operated  a  small  green  house  where  his  plant  breeding  experi- 
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ments    resulted    in    the    improvement    of    the    oriental    persimmon    and 
development  of  some  unique  peanuts. 

The  interesting  life  of  Mr.  Lott  prompted  some  articles  in  Per- 
sonality Sketches,  a  column  in  the  Charlestown  Courier  and  Sellersburg 
News,  written  by  Jesse  G.  Dorsey.  The  titles  were:  Taking  a  Look 
at  A.  Lott  and  A.  Lott  of  Weather  Changes.  A  lengthy  memorial 
also  appeared  in  the  same  newspaper.  As  indicated  there,  Mr.  Lott 
was  no  ordinary  man  and  his  life  is  no  ordinary  story.  The  fact  that 
he  died  in  the  same  house  in  which  he  was  born  is  also  quite  unusual 
in  this  day  of  restless  Americans.  He  was  77  years  of  age  at  his 
death. 


Harry  R(aymond)   Weimer 
North  Manchester,  Indiana  North  Manchester,  Indiana 

December  9,  1906  December  15,  1970 

Dr.  Harry  R.  Weimer  died  of  a  heart  attack  December  15,  1970, 
while  giving  a  final  examination  to  a  class  at  Manchester  College. 
He  was  Chemistry  Department  Chairman  and  head  of  the  science 
division. 

An  Indiana  native,  Dr.  Weimer  was  born  at  North  Manchester 
on  December  9,  1906.  His  education  in  this  state  was  rewarded  by 
a  Bachelor  of  Arts  degree  from  Manchester  College  in  1929.  He  then 
attended  Ohio  State  University  at  Columbus,  Ohio,  where  he  received 
a  Master  of  Science  Degree  in  1931  and  a  Doctor  of  Philosophy  Degree 
in  1933. 

He  began  his  teaching  career  as  a  professor  of  chemistry  at 
Bridgewater  College  in  Virginia  in  1933  where  he  taught  until  1938. 
A  brief  biographical  sketch  in  the  Manchester  College  Bulletin  (summer 
number  for  1938)  announced  that  Dr.  Weimer  was  to  replace  Mr. 
Don  Martin  who  had  retired.  It  described  Dr.  Weimer  as  "well  known 
and  well  liked  by  all  students  of  former  years."  Dr.  Weimer  is  also 
mentioned  in  Otho  Winger's  Memories  of  Manchester  (1940),  as  one 
of  the  professors  hired  by  Manchester  College  in  a  move  to  strengthen 
the  faculty  by  Ph.  D.  holders.  During  World  War  II,  he  spent  6  months 
at  Ball  State  University  teaching  science  classes  to  navy  personnel, 
and  served  as  senior  research  chemist  with  the  Manhattan  Project 
at  the  Monsato  Chemical  Company,  Dayton,  Ohio,  from  1943  to  1944. 
He  then  returned  to  Manchester  College.  He  went  to  Pennsylvania 
State  University  the  summer  of  1958  and  the  University  of  South 
Carolina  the  summer  of  1960.  His  research  interest  was  concerned 
with  data  of  the  state  of  gases. 

During  the  time  that  Dr.  Weimer  taught  at  Manchester  College, 
a  fine  new  Hall  of  Science  was  built  and  completed  in  1959.  For 
9    years,    Dr.    Weimer    participated    in    a    National    Science    Foundation 
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Program  for  30  high  school  students  recommended  from  all  over  the 
United  States.  He  taught,  counseled  and  cared  for  their  needs  in  an 
expert  way  which  has  been  attested  to  by  many  tributes  received 
from  young  men  and  women  now  working  in  many  parts  of  the  world. 

Dr.  Weimer  also  was  involved  in  several  business  enterprises 
and  yet  had  time  for  some  interesting  hobbies.  Several  summers 
were  spent  with  his  wife,  Orpha,  collecting  rocks  and  minerals  which 
they  polished  in  winter  months.  Dr.  Weimer  had  also  been  teaching 
Geology  at  Manchester  College  for  the  past  4  years,  and  he  prepared 
slides  and  specimens  for  these  classes.  He  was  also  interested  in 
Philately. 

Dr.  Weimer  joined  the  Indiana  Academy  of  Science  in  1966.  He 
was  also  a  member  of  the  American  Chemical  Society,  American 
Association  for  the  Advancement  of  Science,  Sigma  Xi,  and  Phi  Lambda 
Upsilon  (Honorary,  Chemistry).  He  is  listed  in  American  Men  of 
Science  and  Indiana  Scientists. 

President  A.  Blain  Helman,  Manchester  College,  in  a  memorial 
service  for  Dr.  Weimer  spoke  of  him  as  a  "modest  and  sensitive  man" 
and  of  his  professional  life  as  "characterized  by  hard  work,  integrity, 
compassion,  dedication,  achievement  recognized  by  professional  col- 
leagues, and  a  sense  of  mission." 

Dr.  Weimer  was  64  years  old  at  his  unexpected  death  after  serv- 
ing Manchester  College  well  for  over  30  years. 


NEW  MEMBERS  FOR  1970 

The  following-  list  contains  the  names  and  addresses  of  all  new 
members  who  joined  during  1970.  The  letter (s)  following  the  address 
indicates  the  Section  of  the  Academy  in  which  the  member  has  indicated 
his  major  interest,  according  to  the  following  code: 

A — Anthropology 

B — Botany 

C — Chemistry 

D — Science  Education 

E — Entomology 

G — Geology  &  Geography 

H — History  of  Science 

L — Ecology 

M — Mathematics 

O— Cell  Biology 

P — Physics 

R — Microbiology  &  Molecular  Biology 

S — Soil  Science 

T— Plant  Taxonomy 

Y — Psychology 

Z — Zoology 

Dr.    T.    Scott    Abney,    Dept.    Botany    and    Plant    Pathology,    Purdue    Univ.,    Lafayette, 
Ind.  47907     BLT 

Mr.    and   Mrs.    Phillip    R.    Allen,    Columbus    Senior    High    School,    Columbus,    Ind.    47201 
LBZ 

Mr.    Gregory   J.    Anderson,    Botany   Dept.,    Indiana   Univ.,    Bloomington,    Ind.    47401    TBL 

Mr.  Gregory  K.   Baldwin,  Anthony  Apts.   102,  Muncie,   Ind.   47304     ALG 

Mr.  James  B.  Banks  Jr.,  Christ  School,  Arden,  North  Carolina  28704     TBE 

Dr.   Byron  K.   Barton,  Dept.   Geography  and  Geology,  Indiana  State  Univ..  Terre  Haute. 
Ind.  46202  OCL 

Dr.   Marvin   E.   Bauer,   LARS  Laboratory,   Purdue  Univ.,   Lafayette,   Ind.   47906     BLS 

Mr.  Clifford  Berger  Jr.,  R.R.  2,  Plymouth,  Ind.  46563     GBA 

Mr.  James  E.  Bianchetta,  9135  Erie  St.,  Highland,  Ind.  46322     CDL 

Dr.   Paul  V.   Blair,  Dept.   Biochemistry,   Indiana  Univ.   School  of  Medicine,   Indianapolis, 
Ind.  46202  OCL 

Dr.    Erwin    Boschmann,    IU-Purdue    Univ.,    518    N.    Delaware,    Indianapolis,    Ind.     46204 
CGH 

Prof.     William    C.     Bramble,    200    Lindberg    Ave.,    West    Lafayette,     Ind.     47906     BL 
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Dr.    William    D.    Brooks,    Dept.    Geography    and    Geology,    Indiana    State    Univ.,    Terre 
Haute,   Ind.  47809   GDL 

Mr.  Franklin  Bynum,  Akron  High  School,  Akron,  Ind.  46910     DBL 

Dr.    D.    Duane    Carmony,    Dept.    Physics,    Purdue    Univ.,    Lafayette,    Ind.    47907     PHZ 

Dr.    Daniel    M.    Coffman,    Dept.    Geosciences,    Purdue    Univ.,    Lafayette,    Ind.    47907     G 

Dr.    John    J.    Corrigan,    Arts    and    Sciences,    Indiana    State    Univ.,    Terre    Haute,    Ind. 
47809     ORD 

Prof.     William    A.    Cramer,    Dept.     Biological    Sciences,    Purdue    Univ.,    Lafayette,     Ind. 
47907     R 

Dr.   Lawrence  E.   Day,  Dept.   K418,   Eli  Lilly  and  Co.,   1202   Kentucky   Ave.,   Indianapolis, 
Ind.  46206     RO 

Dr.     Forster    Davidson,    Urbana    Laboratories,    406    N.     Lincoln    Ave.,    P.     O.     Box    399, 
Urbana,  111.  61801      SBR 

Mr.  Pall  G.  Davidson,  Anthony  Apt.  69,  Muncie,  Ind.  47304     LZO 

Mr.    Danny    J.    Davis,    Box   144-3,    Rose-Hulman    Inst.,    5500    Wabash    Ave.,    Terre    Haute, 
Ind.  47803     CRG 

MR.  Raymond  I.  Dideridsen,  829  Alwyne  Rd.,  Carmel,  Ind.  46032     SG 

MR.  Gary  E.  Dolph,  Dept.   Botany,   Indiana  Univ.,   Boomington,   Ind.   47401     BGL 

Dr.     Melvin     Druelinger,     Dept.     Chemistry,     Indiana     State     Univ.,     Terre     Haute,     Ind. 
47809     C 

Mr.     Richard    L.     Dunn,    Dept.     Geography    and    Geology,     Indiana    State    Univ.,    Terre 
Haute,  Ind.  47809      GLD 

Mr.  Daniel  J.  Dyman,  Biology  Dept.,  Ball  State  Univ.,  Muncie,  Ind.  47306     OLA 

Mr.    Stephen   A.    Elbert,   Dept.    Zoology,   DePauw   Univ.,   Greencastle.   Ind.   46135     Z 

Mr.    Edward    L.    Frazier,    Speedway    High    School,    5357    W.    25th    St.,    Speedway,     Ind. 
46224      DZB 

Mr.    Randal   A.    Gaseor,    Dept.    Zoology,    De    Pauw    Univ.,    Greencastle,    Ind.    46135     LOZ 

Dr.    Gerald    J.    Gastony,    Botany    Dept.,    Indiana    Univ.,    Bloomington,    Ind.    47401     TBL 

Dr.    Charles    W.    Goff,    Dept.    Life    Sciences,    Indiana    State    Univ.,    Terre    Haute,    Ind. 
47809      O 

Mr.    William    O.    Gotschall,    2004    N.    Anthony    Blvd.,    Fort    Wayne,    InJ.    46805     P 

Dr.    W.    J.    Griffing,    Toxicology    Div.,   Eli   Lilly  and   Co.,   Greenfield,    Ind.    46140     O 

Mr.   Charles  T.   Hammond,   Dept.   Botany,   Indiana   Univ.,   Bloomington,   Ind.    47401      BOL 

Miss   Mary   Ann   Hart,   Hayes   Regional   Arboretum,   801    Elks   Rd.,    Richmond,    Ind.   47374 
DTL 

Mr.  and  Mrs.  Wade  J.  Hart,  1005  E.  Sherman  St.,  Marion,  Ind.  46952     ZPC 

Mr.  Jerry    E.    Hasch,    Dept.    Geography,    Indiana    Univ.,    Bloomington,    Ind.    47401     GDL 

Mr.  Michael   T.    Harves,   Zoology   Dept.,   DePauw   Univ.,   Greencastle,   Ind.    46135     ZL 

Mr.  Donald  E.   Henn,   4121   Gail   Dr.,   Evansville,   Ind.   47712     AGL 

Mr.  and  Mrs.   H.   Daniel  Hiatt,   3729  Lickridge  Lane  So.,   Indianapolis,   Ind.   46217     GDL 

Mr.  Thomas   W.    Hodler,   Dept.   Geography,   Indiana  Univ.,   Bloomington,   Ind.    47401      GDL 
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Mr.  Emil   E.    Horvatii,   LARS   Laboratory,    Purdue   Univ..    Lafayette,    Ind.   47906     B 

Mr.  Daniel  M.  Jones,  639%  Read  E.  Fair  Ave.,  Lancaster,  Ohio  43180     TDB 

Mr.  James  H.  Jones,  4610  Madison  Ave.,  Anderson,   Ind.  46013     DZC 

Dr.  Gerald  M.   Jurica,   Dept.    Geoscienees,    Purdue   Univ.,    Lafayette,   Ind.   47907      PGL 

MR.    Dale    R.    Kirkham,    Biology   Dept.,    Oakland   City    College,    Oakland    City,    Ind.    47560 
L 

Dr.    C.    Barry    Knisley,    Biology   Dept.,    Franklin    College,    Franklin.    Ind.    46131      EZL 

Mr.   Stevan   J.    Kristof,   LARS  Laboratory,    Purdue   Univ.,    Lafayette,    Ind.    47906   SB 

Mr.    Thomas    W.    Landrum,    Biology    Dept.,    Ball    State   Univ.,    Muncie,    Ind.    47306     ZLB 

Dr.    Richard   M.    Lawrence,    Chemistry   Dept.,   Ball    State   Univ.,    Muneie,    Ind.    47306     CP 

Mr.  Bruce  M.  Lindstrom,  4935  N.  LaSalle  St.,  Indianapolis,  Ind.  46205     Z 

Sister   Mary    Longtime,    Convent   of   the   Immaculate    Conception,    Ferdinand,    Ind.    47532 
LBZ 

Mr.  Michael  Lykins,  P.  O.  Box  1392,  Bloomington,  Ind.  47401     EZL 

Dr.  Paul  C.  Macmillan,  Hanover  College,  Hanover,  Ind.  47243     BOL 

Mr.   Curtis   E.  McClain.  3040  N.   4th   St.,  Terre  Haute,   Ind.   47804     LBG 

MR.    Manson    L.    McClain,    Dept.    Life   Sciences,    Indiana    State   Univ.,    Terre    Haute,    Ind. 
47809     LBT 

Dr.  Pang  Fai  Ma,  Chemistry  Dept.,  Ball  State  Univ.,  Muncie,  Ind.  47306     C 

Mr.   Lyle  E.   Matteson  Jr.,  Dept.   Entomology,   Purdue  Univ.,   Lafayette,  Ind.  47907     LE 

Dr.  John  H.  Meiser,  Chemistry  Dept.,  Ball  State  Univ.,  Muncie,  Ind.  47306     C 

Brother  Arthur  Mergen,  St.  Meinrad  Archabbey,  St.  Meinrad,   Ind.  47577     TBL 

Mr.  Charles  W.  Miller,  Anderson  College,  Anderson,  Ind.  46011     PGD 

MR.    Clement    B.    Moorman,    Eastwood   Jr.    High    School,    4401    E.    62nd    St.,    Indianapolis, 
Ind.  46220     DPC 

Miss    Candyce    K.    Moring,    Box    151,    Valparaiso    Univ.,    Valparaiso,    Ind.    46383     LRZ 

Mr.   Turhon   A.   Murad,   Dept.    Anthropology,   Indiana   Univ.,   Bloomington,    Ind.   47401      A 

Dr.    Thomas    P.    Myers,    Indiana    Univ.    Museum,    Student    Building,    Bloomington,     Ind. 
47401  AGL 

Mr.  Jon  Niehaus,  515  S.  Council  9,  Muncie,  Ind.  47303     LZS 

Miss    Ellen    Oliver,   Dept.    Life   Sciences,    Indiana   State   Univ.,   Terre   Haute,    Ind.    47809 
LBT 

DR.    Richard    G.    Pfianzer,    Wile    Hall,    Methodist    Hospital,    1812    N.    Capitol    Ave.,    Indi- 
anapolis, Ind.  46202     ZPC 

MR.  Dale  Phinney,  Agronomy  Dept.,  Purdue  Univ.,  Lafayette,  Ind.  47906     LCP 

MR.  Walter  R.  Rathkamp,  Box  33,  224  Jordan  Hall,  Bloomington,  Ind.  47401      Z 

Mr.  James  Ray,  Clinton  High  School,  Clinton,  Ind.  47842     CBZ 

Mrs.  Paul  Ray,  Manchester  College,  North  Manchester,  Ind.  46962     ROD 

Mr.  Gordon  Robison,  R.  R.  1,  Box  446,  Michigan  City,  Ind.  46360     DPL 
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Dr.    Fred    W.    Roeth,    Dept.    Botany    and    Plant    Pathology,    Pin-due    Univ.,    Lafayette, 
Ind.  47907     BOL 

Mrs.  Mary  Sailors,  2601  S.  Nebraska  St.,  Marion,  Ind.  46952     DL 

Dr.  Carl  C.  Sartain,  Dept.  Physics,  Indiana  State  Univ.,  Terre  Haute,  Ind.  47809     PHC 

Mr.   Hobart  E.   Schacht  Jr.,  East  Brook  High  School,  R.   R.   6,  Marion,   Ind.   46952     ZL 

Mr.    Larry   L.    Schmeltz,    Dept.    Life    Sciences,    Indiana    State   Univ.,    Terre   Haute,    Ind. 
47809     ZLD 

Mr.    and    Mrs.    John    R.    Schrock,    Campbell    Co.    Middle    School,    Alexandria,    Ky.    41001 
ELD 

Mr.    James    Sennett,    Barker    Jr.    High    School,    Barker    Rd.,    Michigan    City,    Ind.    46360 
DLG 

Mr.  Donald  A.  Shroyer,  1623  N.  Tillotson  Ave.,  Muncie,  Ind.  47304     EZO 

Prof.  Ernest  M.  Skull,  402  N.  Wayne  St.,  N.  Manchester,  Ind.  46962     EA 

Dr.  James  M.  Sidie  Jr.,  Dept.  Anatomy  and  Physiology,  Indiana  Univ.,  Bloomington,  Ind. 
47401     ZY 

Miss  Sarah  C.  Strawn,  306  Lincoln,  Crawfordsville,  Ind.  47933     Z 

Dr.    C.    P.    Sword,   Dept.    Life  Sciences,   Indiana  State  Univ.,   Terre  Haute,   Ind.    47809   R 

Mrs.  Mary  Ellen  Tavenner,  Mississinewa  High  School,  125  N.  Broadway,  Gas  City,  Ind. 
46933     CBO 

Mr.  George  E.  Tempel,  Dept.  Anatomy  and  Physiology,  Indiana  Univ.,  Bloomington,   Ind. 
47401     ZOC 

Dr.  James  W.  Townsend,  Indiana  State  Univ.,  Evansville,  Ind.  47712     OZR 

Mr.    John    Van    Sickle,    1136    A    Canterbury    Ct.,    Indianapolis,    Ind.    46260     DLG 

Dr.    Robert   E.   Vanatta,   Chemistry  Dept.,   Ball  State  Univ.,  Muncie,   Ind.   47306     CH 

Mr.  Ray  Weatherholt  Jr.,  R.   R.  2,  Box  445A,  New  Albany,  Ind.  47150     TLB 

Mrs.   Alice  M.   Weisling,  Mead  Johnson  and  Co.,   Library,   Evansville,   Ind.   47721     DLR 

Dr.    Robert    J.    Werth,    Biology    Dept.,    Purdue    Univ.    Calumet,    Hammond,    Ind.    46323 
ZL 

Lt.  JG.  Charles  N.  Whitaker,  Waynetown,  Ind.  47990     GCL 

Dr.  Frank  H.  Wilcox,  Dept.  Life  Sciences,  Indiana  State  Univ.,  Terre  Haute,  Ind.  47809 
ZOR 

MR.  Allan  Wood,  Box  203,  Prospect  Heights,  111.  60070     PDL 

MR.  Richard  D.  Worden,  1301  Lincoln  St.,  Anderson,  Ind.  46016     LDO 

Science  Club,   Harrison  High   School,  211   Fielding  Rd.,   Evansville,   Ind.   47715 

Science   Club,    Heritage   High    School,    13608    Monroeville   Rd.,    R.    R.    2,    Monroeville,    Ind. 
46773 

Science  Club,  Martinsville  High  School,  S.  Main  St.,  Martinsville,  Tnd.  46151 
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Terre  Haute,  Indiana 
November  6,  1970 


PRESIDENTIAL  ADDRESS 

The  address,  "Chromatography  and  Spectroscopy  —  The 
New  Team  in  Chemistry,"  was  presented  by  retiring  presi- 
dent, Dr.  Frank  A.  Guthrie,  Chairman,  Chemistry  Depart- 
ment, Rose-Hulman  Institute  of  Technology,  Terre  Haute, 
Indiana,  at  the  annual  Fall  Meeting  dinner  at  the  Tirey 
Memorial  Union  Building  at  Indiana  State  University,  on 
Friday,  November  6,  1970. 

ADDITIONAL  ADDRESSES 

The  address,  'The  Flag  and  the  Fir  Tree/'  by  Dr.  Robert 
0.  Petty,  Biology  Department,  Wabash  College,  Crawfords- 
ville,  Indiana,  was  given  at  the  annual  Spring  Meeting  dinner 
at  the  Turkey  Run  State  Park  Inn  on  Friday,  May  1,  1970. 

The  address,  "Outdoor  Museums  and  Laboratories:  Needs, 
Uses  and  Values,"  by  Dr.  Marion  T.  Jackson,  Department  of 
Life  Sciences,  Indiana  State  University,  Terre  Haute,  Indiana, 
was  given  as  part  of  a  panel  discussion  entitled:  "Saving  the 
Pieces  of  Primaeval  Indiana,"  at  the  Fall  Meeting  of  the 
Academy,  Friday,  November  6,  1970. 

The  latter  two  addresses  were  published  at  the  request  of  the 
Science  and  Society  Committee. 


PRESIDENTIAL  ADDRESS 


Chromatography  and  Spectroscopy — The  New  Team  in  Chemistry 

Frank  A.  Guthrie 
Rose-Hulman  Institute  of  Technology,  Terre  Haute,  Indiana  47803 

Chemistry  has  undergone  a  number  of  very  significant  changes 
since  most  of  you  last  had  formal  course  work  in  the  subject.  I  would 
like  to  outline  a  few  of  these  changes  in  an  attempt  to  bring  you 
somewhat  more  up  to  date  in  this  rapidly  evolving  scientific  discipline. 

Surely  you  will  recall  the  great  concern  which  the  chemist  of  old 
had  for  the  composition  of  matter.  When  considering  automotive 
fuels  it  becomes  readily  apparent  that  composition  alone  is  not  the 
key  to  efficiency,  nor  is  it  necessarily  even  a  suitable  means  of  dif- 
ferentiating between  two  chemical  compounds.  Two  isomeric  octanes, 
in  spite  of  identical  compositions,  exhibit  both  structural  differences 
and  striking  differences  in  performance. 

CH3 

CH3-CH2-CH2-CH2-CHa-CH,-CH,-CH3  CH3— C— CH*— CH— CH3 

I  I 

CH3  CH3 

normal  octane  2,2,4-trimethylpentane 

(0  octane)  (100  octane) 

The  geometry  of  the  molecule  does  make  a  difference.  The  arrange- 
ment of  the  atoms,  with  respect  to  one  another,  affects  the  shape  of 
the  molecule  and  in  turn  the  geometric  arrangement  of  the  molecules 
in  a  solid  influence  the  use  to  which  it  may  profitably  be  put. 

Perhaps  the  greatest  challenge  facing  the  research  chemist  during 
the  past  two  decades  has  been  to  establish  a  systematic  approach 
for  the  determination  of  structure  of  chemical  compounds.  Subse- 
quently we  will  consider  some  of  the  fruits  of  his  efforts.  Normally 
it  is  essential  that  one  has  a  reasonably  pure  compound  before  setting 
out  to  characterize  it.  Many  of  our  older  or  more  established  separa- 
tion techniques,  such  as  recrystallization  or  distillation,  are  not  ade- 
quate for  the  effective  separation  of  compounds  which  exhibit  only 
subtle  differences  in  structure.  Life  itself  often  depends  upon  just 
such  small  structural  variations  which  permit  the  body  to  function 
in  a  normal  manner.  Biochemists  and  pharmacologists  can  attest 
to  the  dramatic  influence  of  a  properly  placed  methoxy  or  hydroxy 
group  in  a  wide  variety  of  pharmaceutical  products. 
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Fortunately,  several  new  separation  techniques  have  been  devel- 
oped in  recent  years  which  have  changed  our  approach  to  chemical 
problems  and  often  have  resulted  in  solutions  to  problems  which  were 
not  recognized  to  be  problems  a  generation  or  two  ago. 

In  1941,  Martin  and  Synge  (3)  published  a  paper  on  liquid-liquid 
partition  chromatography  for  which  they  were  later  awarded  the 
Nobel  prize.  In  this  paper  the  authors  predicted  the  possibility  of 
developing  gas-liquid  partition  chromatography  and  emphatically  ex- 
pressed the  potentialities  of  such  a  method.  A  decade  later  Martin 
and  another  graduate  student  (2)  published  their  first  paper  on  gas- 
liquid  partition  chromatography  and  thus  established  a  powerful  new 
method  of  separation.  However,  unlike  most  new  developments  in 
chemistry,  gas-liquid  chromatography  received  far  greater  develop- 
mental support  from  industry  than  from  academic  efforts.  Within  a 
decade  the  publication  level  of  papers  concerned  with  gas-liquid 
chromatography  reached  a  rate  of  nearly  2,000  papers  annually. 

Gas-Liquid  Chromatography 

Let  us  now  consider  briefly  the  principle  upon  which  the  gas- 
liquid  chromatograph  is  based.  The  column,  which  is  the  heart  of  the 
chromatograph,  is  usually  a  small  diameter  tube  with  a  length  of  a 
few  feet.  It  is  packed  with  a  finely  divided  solid  on  whose  surface 
a  thin  layer  of  a  non-volatile  liquid  has  been  deposited.  A  sample 
mixture,  vaporized  at  a  heated  injection  port,  is  carried  into  the  column 
by  a  stream  of  inert  carrier  gas.  Each  component  of  the  sample 
mixture  tends  to  dissolve  in  the  liquid  layer  according  to  its  own 
distribution  coefficient.  Thus,  a  portion  of  each  component  enters 
the  liquid  layer  and  another  portion  remains  in  the  vapor  phase  in 
the  stream  of  carrier  gas.  However,  true  equilibrium  is  not  really 
established  because  of  the  continual  movement  of  the  carrier  gas 
which  sweeps  the  sample  vapors  through  the  column  to  a  fresh  layer 
of  liquid  phase  where  partial  dissolution  again  occurs.  Eventually 
each  sample  component  emerges  from  the  column  at  its  own  time 
interval.  This  elution  time  is  dependent  upon  the  liquid  phase,  the 
temperature  of  the  oven  in  which  the  column  is  housed  and  the  flow 
rate  of  the  carrier  gas  as  well  as  the  nature  of  the  sample  itself. 

A  typical  gas  chromatograph  (Fig.  1)  may  cost  as  little  as  a  few 
hundred  dollars,  or  as  much  as  a  few  thousand  dollars.  Relatively 
simple  instruments  usually  afford  the  operator  a  variety  of  operating 
parameters  which  may  be  varied  to  effect  a  more  satisfactory  separa- 
tion. 

As  little  as  a  microliter  (i.e.,  0.001  milliliter)  of  a  20  to  30  com- 
ponent mixture  may  be  separated  in  a  matter  of  minutes.  The  reten- 
tion time,  for  a  given  set  of  operating  parameters,  is  often  useful  in 
identification  and  the  peak  size  is  related  to  the  amount  of  any  given 
component.  A  typical  gas  chromatogram  is  shown  in  Figure  2. 

When  coupled  with  a  computer,  many  gas  chromatographs  may 
be   operated   simultaneously   to  monitor  the   output  of  a  petroleum  re- 
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finery.  Through  the  use  of  larger  samples  and  columns  it  is  prac- 
tical to  separate  milliliter  quantities  of  a  desired  compound  with 
extremely  high  purity.  In  other  cases,  which  we  will  consider  later, 
it  is  common  to  pass  the  effluent  from  a  gas  chromatograph  directly 
into  a  spectrometer  for  immediate  structural  examination. 

In  spite  of  the  fact  that  gas  chromatography  is  applicable  to 
only  about  15%  of  the  organic  compounds  and  an  even  smaller  frac- 
tion of  the  inorganic  compounds,  because  of  the  requirement  of  at 
least  moderate  volatility  at  temperatures  up  to  about  500 °C,  this 
new  method  has  quickly  earned  its  place  in  the  chemistry  laboratory. 
It   has   been   established   as   a   powerful   tool   for   the   rapid   separation 
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of    complex    mixtures    and    in    many    instances    has    displaced    the    far 
more  cumbersome  and  costly  mass  spectrometer. 

Gel  Permeation  Chromatography 

The  many  variations  of  column  chromatography,  including  ion  ex- 
change resins,  collectively  have  greater  overall  versatility  than  gas 
chromatography.  Because  of  relatively  greater  familiarity  with  column 
chromatography  it  seems  inappropriate  to  discuss  these  methods  here. 
However,  one  relatively  new  technique,  known  as  gel  permeation  or  gel 
nitration  chromatography,  does  merit  at  least  brief  consideration. 

Gel  permeation  chromatography  is  unique  in  its  ability  to  separate 
giant  molecules  by  size.  Within  a  homologous  series  this  effectively 
means  separation  by  molecular  weight.  Commonly  an  open  column 
is  filled  with  beads  of  a  carefully  cross-linked  polymer,  or  a  modified 
dextran,  which  contains  a  microscopic  grid  or  pore  system  with  open- 
ings in  the  range  of  10  to  1,000,000  Angstroms  across.  A  solution 
of  the  sample  mixture  is  poured  into  the  column  and  subsequently 
eluted  with  a  solvent.  The  smaller  molecules  find  a  greater  number 
of  pores  into  which  they  can  permeate,  whereas  the  larger  molecules 
tend  to  pass  by  these  openings  and  are  eluted  first.  Thus,  because  of 
variation  in  permeation  due  to  variation  in  size,  a  concentration 
gradient  is  established  as  a  function  of  molecular  size  or  weight  and 
separation  on  this  basis  results. 

A  wide  choice  of  gels  is  available,  with  molecular  weight  resolution 
ranges  varying  between  very  low  values  and  values  well  in  excess 
of  several  million  molecular  weight  units.  This  permits  applications 
such  as  the  desalting  and  separation  of  sugars  such  as  rafnnose,  maltose 
and  glucose.  The  determination  of  molecular  weight  distribution  in 
polymers  and  large  scale  production  of  lactose-free  milk  are  illustrative 
of  other  applications.  Molecular  weight  determination  for  proteins 
typically  utilizes  proteins  of  known  molecular  weight  as  "markers". 

One  unique  feature  of  gel  permeation  chromatography  is  the 
molecular  weight  determination  on  crude  samples  which  require  no 
previous  purification.  Other  methods  of  molecular  weight  determina- 
tion require  pure  samples  which  often  are  difficult  to  obtain  in  ample 
quantities.  In  this  application  the  molecular  weight  of  each  com- 
ponent is  related  to  the  volume  of  solvent  required  to  elute  that 
particular  component. 

Once  separation  has  been  accomplished,  if  the  original  sample 
requires  it,  the  task  of  structure  determination  can  begin.  I  would 
like  to  consider  only  three  spectroscopic  methods  each  in  a  brief  in- 
troductory manner.  These  new  methods  have  gained  tremendous  popu- 
larity during  the  past  decade  and  are  clearly  a  part  of  the  chemistry 
of  the  future.  First,  however,  it  seems  appropriate  to  review  the 
basic  requirements  of  a  spectrometer. 

Imagine  the  process  of  dipping  a  tea  bag  into  a  cup  of  hot 
water.     As    the    color    of    the    resulting    solution    attains    the    intensity 
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associated  with  a  good  flavor  it  is  natural  to  remove  the  tea  bag. 
This  simple  example  of  a  colorimetrie  method  of  analysis  contains 
all  of  the  basic  components  of  spectrometry.  First,  a  source  of 
energy  is  required.  In  this  case  it  is  room  light  or  daylight,  but  it 
might  have  been  monochromatic  in  the  ultraviolet,  infrared  or  another 
region  of  the  electromagnetic  spectrum.  The  sample  is  a  second  re- 
quirement. It  might  be  a  solution,  such  as  the  tea,  through  which 
light  is  passed.  It  might  be  a  pure  liquid  or  even  a  paint  or  fabric 
sample,  from  which  light  would  be  reflected.  Transmission  of  X-rays 
through  aluminum  foil,  used  to  measure  and  control  the  thickness 
of  the  foil  during  the  rolling  process,  illustrates  still  a  different  type 
of  source  and  sample.  The  third  basic  requirement  is  a  detector. 
In  the  case  of  the  tea  it  is  the  human  eye.  However,  unlike  the  ear 
which  has  the  ability  to  distinguish  between  various  instruments  in 
an  orchestra  or  the  tongue  which  is  capable  of  tasting  various  flavors 
simultaneously,  the  eye  is  unable  to  disperse  radiant  energy  into  its 
component  colors.  For  example,  an  object  may  appear  to  be  green 
when  in  reality  it  is  actually  an  appropriate  mixture  of  blue  and 
yellow.  Because  of  the  eye's  inability  to  see  many  colors  or  energies 
of  interest,  and  because  of  eye  fatigue  which  all  of  us  have  experienced 
early  on  a  Sunday  morning,  the  scientist  usually  turns  to  other  de- 
tectors. Commonly  they  include  phototubes,  photomultipliers,  photo- 
graphic film,  thermocouples,  Geiger-Miieller  detectors,  etc. 

Absorption  of  ultraviolet  radiation  is  usually  indicative  of  the 
presence  of  aromatic  systems  or  conjugated  olefins  which  are  common 
in  many  organic  compounds.  A  more  informative  spectral  region  is 
usually  the  infrared  region. 

Infrared  Spectrometry 

Because  of  limited  time,  I  wish  to  consider  only  a  narrow  segment 
of  infrared  spectrometry  for  illustrative  purposes.  Absorptions  of 
infrared  radiation  are  due  to  vibrational  and  rotational  interactions 
within  the  molecule.  More  specifically,  infrared  absorption  is  indicative 
of  the  presence  of  certain  bond  types  or  certain  functional  groups 
within  the  molecule  and  thus  has  come  to  be  known  as  the  "finger 
print"  region  of  the  spectrum.  Absorption  between  3100_('m  and  3000"" 
is  typical  of  an  aromatic  compound  whereas  the  region  between  3000  (,n 
and  2800""  is  indicative  of  the  presence  of  aliphatic  structure  such 
as  the  methyl  or  methylene  group.  Both  of  these  structural  types 
absorb  energy  in  other  regions  too,  but  by  other  modes.  Here,  for 
example,  the  bond  between  the  carbon  atom  and  the  hydrogen  atom 
may  be  thought  of  as  a  spring.  It  may  stretch  or  shrink;  in  other 
regions  it  may  bend  or  twist  as  it  absorbs  energy. 

One  can  compare  absorption  of  infrared  radiation  by  a  particular 
bond,  at  a  particular  wavelength  or  frequency,  with  human  behavior. 
A  given  individual  may  absorb  musical  energy  in  the  form  of  jazz 
by  tapping  his  foot  whereas  his  response  to  another  type  of  music 
may  result  in  hand  clapping,  or  perhaps  no  response  at  all. 
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Alcohols  and  acids  tend  to  form  hydrogen  bonds,  which  to  some 
extent  depend  upon  concentration,  resulting-  in  broad  absorption  bands 
often  extending  from  3600"cm  to  3200  (,n.  Other  unique  features,  such 
as  the  iso-propyl  or  tertiary  butyl  group,  alter  the  normal  carbon- 
hydrogen  bending  vibration  with  a  resulting  split  in  the  absorption 
peak.  The  nature  and  extent  of  aromatic  substitutions  is  usually 
evident  in  the  900cm  to  600  cm  region.  Many  other  structural  and  /or 
environmental  features  also  leave  their  tell-tale  marks. 

Correlation  tables  are  common  and  a  number  of  excellent  books 
on  infrared  interpretation  have  appeared  on  the  market  in  recent 
years  and  are  recommended  for  the  reader  anxious  to  extend  this 
brief  presentation.  Scientific  studies  in  many  disciplines  should  utilize 
infrared  spectrometry  more  extensively.  With  the  advent  of  the  $3,000 
instrument,  infrared  is  rapidly  becoming  common  place  in  many 
sophomore  organic  chemistry  laboratories  for  checks  of  product  purity 
and  identification  of  unknown  compounds.  At  the  other  end  of  the 
financial  spectrum  is  a  recently  introduced  infrared  spectrometer  with 
a  built-in  computer.  It  is  capable  of  collecting  infrared  spectral  data 
following  only  a  half-second  examination  of  the  sample.  Priced  in 
excess  of  $65,000,  this  instrument  has  the  capability  of  examining  each 
sample  component  as  it  emerges  from  a  gas  chromatographic  column 
and  reproducing  its  spectrum  on  request. 

Mass  Spectrometers 

Mass  spectroscopy  has  had  a  long  and  interesting  history  of  de- 
velopment. However,  it  has  been  only  in  the  past  decade  that  mass 
spectrometers  have  been  used  to  any  appreciable  extent  in  solving 
structural  problems.  Relatively  simple  mass  spectrometers  are  usually 
too  expensive  for  use  in  undergraduate  education.  Units  with  higher 
resolution  and  greater  flexibility  often  cost  well  in  excess  of  $100,000. 
Obviously  educational  applications  are  limited,  at  least  at  the  present 
time.  Nonetheless,  mass  spectrometry  is  a  powerful  tool  which  de- 
serves consideration  in  solving  modern  chemical  problems. 

As  with  other  forms  of  spectroscopy,  the  basic  requirements  of 
a  source,  a  sample  and  a  detector  remain  in  the  forefront.  Unlike 
optical  spectroscopy  which  uses  a  prism  or  diffraction  grating  to 
separate  component  colors  or  energies  present,  the  mass  spectrometer 
uses  electrostatic  or  magnetic  fields  to  separate  particles  of  different 
energies,  or  mass  to  charge  ratios. 

The  source  consists  of  an  electron  beam  which  bombards  the  sample 
to  generate  a  positive  ion  by  dislodging  an  electron  from  the  sample. 
These  positive  ions  are  accelerated  by  electrostatic  fields  or  accelerator 
plates  which  propell  them  into  a  magnetic  field.  Here  the  lighter 
particles  are  deflected  to  a  greater  extent  than  the  heavier  ones. 
Variations  in  accelerating  voltage  or  magnetic  field  strength  permit 
scanning  by  focusing  first  one  mass  then  another  on  the  detector. 

Of  the  several  capabilities  of  the  mass  spectrometer,  the  scientific 
community  probably  first  recognizes  the  possibility  of  identification  of 
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the  molecular  weight  of  the  sample.  However,  this  information  alone 
is  often  of  relatively  little  value  unless  a  high  resolution  instrument 
has  been  used.  In  such  a  case,  where  the  molecular  weight  is  known 
to  three  or  four  decimal  places,  it  is  possible  to  actually  identify 
how  many  atoms  of  each  kind  are  present  and  thus  obtain  the  molecular 
formula  of  the  compound.  As  we  noted  earlier,  in  the  case  of  the 
octane  isomers,  composition  alone  is  often  not  sufficient  to  solve  a 
problem. 

Isotope  effects  often  make  it  easier  to  determine  which  of  several 
elements  is  present  in  a  molecule.  For  example,  chlorine  occurs  in 
nature  as  approximately  25%  in  the  form  of  the  mass  37  isotope  and 
about  75%  as  the  mass  35  isotope,  with  an  average  atomic  weight  of 
nearly  35.5.  However,  the  mass  spectrometer  does  not  report  averages. 
Instead,  it  reports  the  two  chlorine  isotopes  as  peaks  two  mass  units 
apart,  with  relative  intensities  of  approximately  3  to  1.  Such  spacing 
and  intensity  ratios  may  appear  at  a  number  of  points  throughout 
the  spectrum,  depending  upon  how  the  molecule  is  fragmented  at  the 
source.  Similar  observations  may  be  made  for  bromine,  due  to  the 
naturally  occurring  isotopes,  Br^»  and  Br8i,  which  have  nearly  equal 
populations.  A  number  of  other  elements  are  readily  identified  by  this 
type  of  elemental  analysis. 

Increased  ionization  voltage  often  results  in  cleavage  or  fragmen- 
tation of  the  molecule  at  several  points,  rather  than  merely  the  loss 
of  an  electron.  Fragmentation  patterns  typically  display  certain  com- 
mon features  because  of  easier  rupture  of  certain  geometric  structures. 
For  example,  mass  peaks  of  15  are  usually  indicative  of  the  methyl 
group  whereas  additional  multiples  of  14,  such  as  29,  43,  57,  etc., 
represent  one  methyl  and  one  or  more  methylene  groups  and  suggest 
an  aliphatic  structure.  A  mass  77  peak  represents  the  phenyl  group 
and  is  indicative  of  benzene  or  one  of  its  derivatives,  whereas  a  mass 
of  91  commonly  signifies  the  presence  of  a  benzyl  group. 

Sometimes  the  difference  between  two  mass  values  is  equally 
instructive  in  establishing  the  initial  structure  since  the  difference  repre- 
sents atoms  which  were  lost.  This,  of  course,  is  indicative  of  struc- 
tural weaknesses  and  often  is  helpful  in  placing  certain  functional 
groups  in  an  appropriate  position  within  the  molecule.  For  example, 
branched  chains  tend  to  fragment  more  readily  than  do  straight 
chains  and  cleavage  occurs  more  readily  at  the  carbon  atom  adjacent 
to  a  hetero-atom  than  elsewhere  in  the  molecule.  This  latter  observation 
is  useful  in  dealing  with  alcohols  and  amines. 

Nuclear  Magnetic  Resonance  Spectrometry 

Although  NMR  dates  back  to  the  mid-1940's,  it  has  only  been  a 
really  practical  structural  tool  during  the  past  decade.  The  recent 
advent  of  $25,000  spectrometers  and  a  number  of  grants  by  various 
federal  agencies  have  been  very  largely  responsible  for  the  introduction 
of  NMR  into  the  undergraduate  chemistry  curriculum.  Of  the  several 
atoms   capable   of   examination    by    NMR,    only   the   proton    has    really 
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widespread  interest  at  the  present  time.  This  is  understandable  when 
one  considers  the  tremendous  number  of  chemical  compounds  which 
contain  one  or  more  hydrogen  atoms.  Briefly,  a  sample  can  absorb 
electromagnetic  radiation  in  the  radio  frequency  region  when  examined 
under  appropriate  conditions.  Thus  NMR  is  another  form  of  spec- 
troscopy not  at  all  unlike  infrared  or  ultraviolet  spectroscopy. 

If  one  considers  the  proton  to  be  a  small  bar  magnet  it  is  reason- 
able to  assume  that  it  might  be  aligned  in  either  of  two  directions 
as  is  suggested  by  the  two  equal  but  opposite  spin  quantum  numbers. 
Therefore,  as  a  sample  is  placed  in  a  uniform  magnetic  field,  the 
protons  have  the  option  of  being  aligned  either  with  or  against  the 
field.  The  energy  necessary  to  align  all  of  the  protons  in  the  same 
direction  is  dependent  upon  the  strength  of  the  magnetic  field  and  the 
environment  in  which  the  protons  reside. 

Our  friends  in  physics  noted  that  protons  did  not  show  consistent 
behavior,  which  they  had  anticipated,  but  instead  absorbed  energy 
at  a  wide  variety  of  frequencies.  This  disturbing  effect  was  given 
the  presumably  disrespectful  title  of  the  "chemical  shift".  However, 
the  chemist  is  aware  of  the  influence  of  the  environment  and  recog- 
nizes that  it  is  responsible  for  these  variations.  In  turn,  this  leads 
to  the  assignment  of  structural  features  when  properly  interpreted. 

Upon  examining  a  low  resolution  spectrum  of  ethanol, 

CH.,— CHa— OH 

one  observes  three  absorption  peaks,  with  sizes  in  the  ratio  of  3  to 
2  to  1  which  is  in  direct  proportion  to  the  number  of  methyl  protons, 
methylene  protons  and  hydroxyl  protons.  Each  type  of  proton  is 
located  in  a  somewhat  different  chemical  environment  which  gives 
rise  to  somewhat  different  chemical  shifts  and  thereby  accounts  for 
the  three  separate  peaks  rather  than  a  single  peak. 

When  examined  with  a  high  resolution  instrument  we  discover 
that  adjacent  groups  exert  an  influence  on  each  other  which  commonly 
results  in  the  splitting  of  a  peak  into  several  smaller  peaks.  The  ac- 
cumulative area  under  these  small  peaks  remains  the  same  and  is 
still  indicative  of  the  total  number  of  similar  protons.  This  splitting 
is  due  to  the  fact  that  each  proton,  acting  as  a  small  bar  magnet, 
may  either  add  to  or  subtract  from  the  total  magnetic  field  depending 
upon  the  alignment  of  the  proton.  The  adjacent  protons  then  find  them- 
selves in  several  slightly  different  magnetic  fields  and  react  to  each 
independently.  This  is  illustrated  in  Figure  3,  in  which  interaction  be- 
tween the  methyl  and  methylene  group  is  depicted. 

The  two  hydrogen  atoms  in  the  methylene  group  may  be  aligned 
so  that  they  oppose  the  magnetic  field  or  so  that  they  add  to  the 
magnetic  field  in  three  different  ways.  Likewise,  the  three  hydrogen 
atoms  in  the  methyl  group  may  be  aligned  in  four  different  ways. 
Statistically,  the  intermediate  alignments  are  most  frequent  and  give 
rise  to   larger  central   peaks  and   smaller   extreme   peaks.    The  various 
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Figure  3.     NMR    spectrum    of    ethyl    iodide    dissolved   in    deuterocTdoroform    (CDCl.i). 


alignments  are  depicted  below,  where  the  letters  A,  B  and  C  represent 
the  protons  in  a  particular  group. 
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The  methyl  protons,  when  placed  in  the  three  slightly  different  magnetic 
fields  created  by  the  adjacent  methylene  protons,  appear  as  three 
peaks.  Likewise,  the  methylene  protons,  when  placed  in  the  four 
slightly  different  magnetic  fields  created  by  the  adjacent  methyl  protons, 
appear  as  four  peaks.  This  combination  clearly  signifies  the  presence 
of  the  ethyl  group,  CH3-CH2-,  in  the  molecule.  Coupling  of  this  sort 
is  also  observed  in  a  number  of  other  groupings  of  adjacent  proton- 
containing  carbon  atoms. 

Most  NMR  instruments  now  have  an  integrator  incorporated  into 
their  design.  It  may  be  used  to  draw  a  stepwise  curve  across  the 
spectrum  in  such  a  manner  as  to  indicate,  by  the  size  of  each  step, 
the  relative  number  of  protons  associated  with  each  absorption  peak. 
This    feature     greatly    simplifies    the    interpretation    of    many    NMR 
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spectra,  but  sometimes  requires  additional  evidence  so  that  the  relative 
number  of  protons  of  each  type  might  be  converted  into  the  absolute 
number  contained  by  the  particular  molecule.  This  is  a  particularly 
important  point  when  dealing  with  molecules  which  are  symmetrical. 

Spectroscopic  Identification  of  Insect  Sex  Attractants 

A  recent  report  (1)  indicated  that  the  United  States  Department 
of  Agriculture  is  attempting  to  banish  the  fire  ant  from  our  southeastern 
states.  Its  program  calls  for  discharging  450  million  pounds  of  material 
containing  over  1.3  million  pounds  of  Mirex,  a  powerful  chlorinated 
hydrocarbon,  on  150  million  acres  of  land  in  nine  states.  Conservation- 
ists are  seeking  to  enjoin  this  ambitious  12-year  project  since  little  is 
known  about  the  impact  of  Mirex.  DDT  which  once  was  considered 
to  be  the  ultimate  pesticide  has  been  deemed  an  insidious  killer  and 
recently  had  severe  restrictions  placed  on  its  use.  Mirex  has  been 
shown  to  have  undesirable  characteristics  which  may  also  result  in 
its  ban. 

The  work  of  Silverstein  (4)  and  other  chemists  has  now  opened 
the  door  to  a  potential  new  solution  to  pesticide  problems.  Their 
efforts  combine  the  capabilities  of  chromatography,  spectroscopy  and 
entomology,  to  bring  practicality  to  the  new  tools  of  chemistry  which 
I  have  just  described. 

Silverstein  notes  that  each  year  this  country  loses  the'  equivalent 
of  5  billion  board  feet  of  timber  to  the  bark  beetle.  This  is  six  times 
the  mortality  due  to  fire,  and  thus  far  there  has  been  no  really  effective 
method  of  control.  Bark  beetles  apparently  attack  in  two  phases. 
Initially  a  few  beetles  construct  nuptial  chambers  in  a  tree,  and  in 
the  process  expel  frass — a  mixture  of  fecal  pellets  and  wood  frag- 
ments. The  fecal  pellets  contain  an  attractant  that  triggers  the 
secondary  invasion.  In  the  case  of  Ips  confusus  the  attractant  released 
by  the  male  soon  results  in  three  females  mating  with  each  male. 

The  collection  of  about  4.5  kg  of  frass,  which  represents  the  output 
of  about  20,000  unmated  male  beetles,  produced  three  terpene  alcohols, 
which  in  various  combinations  served  as  the  sex  attractant  for  the 
female  beetle.  Following  solvent  extraction  to  remove  these  chemicals 
from  the  wood,  fractionation  was  accomplished  by  the  use  of  gas- 
liquid  chromatography.  Subsequent  tests  on  each  compound,  and  on 
various  mixtures  of  compounds  contained  in  the  frass,  resulted  in  the 
identification  of  substances  which  attract  the  female. 

One  of  the  active  compounds  was  determined  to  have  a  molecular 
weight  of  154,  and  a  composition  of  Ci„His0,  by  mass  spectroscopy. 
The  infrared  spectrum  showed  a  broad  peak  at  3380~cm,  indicative 
of  an  alcohol.  A  vinyl  group  and  an  iso-propyl  group  were  also  indi- 
cated by  the  infrared  spectrum.  The  mass  spectrum  and  NMR  spectrum 
confirmed  the  iso-propyl  group.  Additional  spectroscopic  evidence  and 
measurement  of  optical  rotation  were  used  to  establish  the  structure 
as   ( —  )-2-methyl-6-methylene-7-octen-4-ol,  represented  graphically  as: 
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The  other  two  components  of  the  /ps  confusus  attractant  were 
cis-verbenol  and  a  compound  similar  to  the  one  just  described,  but 
with  a  double  bond  in  the  2-position. 

Other  species  studied  by  Silverstein  include  the  western  pine 
beetle  and  the  black  carpet  beetle. 

It  should  be  apparent  to  the  imaginative  reader  that  isolation, 
evaluation,  identification  and  subsequent  synthesis  of  a  sex  attractant 
has  outstanding  prospects  for  the  elimination  of  many  destructive 
insect  species.  Simultaneously,  the  objections  to  past  and  present 
practices  in  the  use  of  pesticides  can  be  largely  overcome. 

Although  other  fascinating  and  practical  applications  of  chroma- 
tography and  spectroscopy  could  be  cited,  it  is  my  hope  that  this  brief 
review  will  suffice  to  convince  the  reader  that  a  new  team  is  at  work 
in  the  ever  evolving  field  of  modern  chemistry. 
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The  Flag  and  the  Fir  Tree 

R.  0.  Petty 

Biology  Department 

Wabash  College,  Crawfordsville,  Indiana  47930 

"You  are  fearful.  You  cover  yourselves  with  clothing  and 
again  with  roofs  and  walls,  locking  your  doors,  reading  from 
your  black  book  and  quoting  distant  presidents  and  kings.  You 
are  afraid  of  hunger  and  solitude.  You  want  and  you  want.  You 
are  never  silent  and  you  are  never  at  ease.  You  are  a  weak 
degenerate  and  fearful  people  who  could  not  survive  without  your 
axes,  your  guns  and  your  horses.  You  are  destroyers,  leveling 
the  forest,  hacking  roads  along  the  deer  trails,  driving  all  game 
away.  You  whites  are  not  at  war  with  us;  you  are  at  war  with  the 
earth." 

One  hundred  and  seventy  two  years  ago,  in  the  long  October 
sunlight,  the  half-breed  interpreter,  William  Wells,  turned  away  from 
the  Potawotami  chief,  from  the  Wea  and  the  Piankishaw,  the  Miami, 
the  Shawnee  who  had  come  to  treat  for  peace  with  the  chief  of  the 
"big  knives,"  and  translated  such  words  to  General  Wayne.  "Mad 
Anthony,"  with  a  three  day  march  behind  him,  with  blood  that  would 
not  wash  out  of  his  leather  trousers,  with  the  screams  and  crackling 
rifle  fire  of  "Fallen  Timbers"  still  fresh  in  his  memory,  was  not 
overly  impressed  with  this  first  authentic  spokesman  for  nature 
preservation.  In  all  probability,  Wayne  sighed  a  deep  sigh,  ordered  a 
feast  of  pork  and  dog,  gifts  for  the  red  men,  and  double  rations  of 
whiskey  for  everybody.  A  few  decades  later,  the  eminent  geologist, 
David  Owen,  set  out  northeast  from  the  village  of  New  Harmony,  to 
collect  specimens  from  the  valley  of  the  Maumee.  On  the  morning 
of  the  third  day,  he  awoke  to  the  sounds  of  a  juggernaut;  the  whack 
and  thudding  of  axes,  the  laughter,  the  swearing,  the  wild  pornographic 
singing,  which  turned  out  to  be  the  advance  party  of  three  hundred 
drunken  Irishmen,  building  the  national  road  from  Columbus  to  Van- 
dalia.  It  was  obvious — the  heartland  of  America  was  becoming  civilized. 
A  few  decades  later,  Karl  Marx  would  write,  "The  business  of  philosophy 
is  not  to  understand  the  world,  but  to  change  it." 

Somewhere  in  our  history  there  is  an  ironic  image.  It  is  the 
flag  with  the  fir  tree.  The  liberty  tree  flag.  The  paradox  is  that  these 
should  occur  as  a  single  banner — a  flag  and  a  fir  tree — for  they  can 
be  construed  as  the  central  symbols  of  two  opposing  ways  of  life; 
ways  of  life  whose  conflict  became  a  series  of  wars  which  is  a  part 
of  our  nation's  history.  Collectively  these  conflicts  comprise  a  single 
war  in  which  both  sides  were  defeated. 

That  war,  in  one  sense,  was  our  determined  effort  to  displace 
a  garden  with  Athens.  "You  whites  are  not  at  war  with  us,  you 
are   at  war  with  the   earth."    So   spoke    the   garden.     But  it  was   more 
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than  that.  It  was,  I  think,  necessarily  a  war  with  ourselves.  Our 
fundamental  religious  beliefs  are  deep-rooted  in  a  garden  myth.  The 
garden  has  always  been  something  we've  lost,  or  were  thrown  out 
of,  or  one  which  we  ourselves  rejected.  The  notion  of  that  garden 
is  of  a  state  of  harmony,  some  golden  age  of  natural  law  and  grace 
from  which  man  has  fallen.  In  spite  of  all  their  hardships,  to  the 
18th  and  19th  Century  immigrants  from  an  overly  managed  Europe, 
the  American  wilderness  was,  in  large  part,  Eden-revisited.  It  was 
a  land  of  Lebensraum,  a  land  of  room-enough.  What  motivated  so 
many  of  those  early  settlers  was  not  the  idea  of  quick  wealth  and 
opportunity,  but  rather  of  a  land  free  from  the  old  social,  political 
and  moral  restraints  which  had  become  so  oppressive  in  the  societies 
they  fled — societies  of  Europe  and  the  eastern  seaboard,  societies  based 
on  the  idea  of  a  rational  harmony  deriving  from  human  intelligence, 
societies  rooted  not  in  the  garden  myth  but  in  the  myth  of  Athens. 

Never  have  men  given  to  exaggeration  had  such  material  to 
work  with  as  in  that  garden  land  across  the  Cumberland  Gap,  in 
what  forever  afterwards  would  be  called  "the  west."  "There  was  only 
one  way  they  compared  size  on  the  frontier,"  one  old  settler  reminisced, 
"one  thing  was  big.  The  other  was  powerful  big."  "Rich  ground? 
Why  Lord  love  us  you  hafta  coat  your  corn  seed  in  axle  grease  or 
the  plants'll  burn  themselves  up  shootin  outta  the  ground!"  And  out 
of  the  yarns  and  tall  tales,  but  more  importantly,  out  of  what  men 
saw  with  their  own  eyes,  evolved  a  new  myth.  They  had  spoiled  their 
garden  within  twenty-five  years;  and  they  had  cut  too  many  of  their 
cultural  ties  to  Athens;  yet  clearly,  these  early  western  Americans 
had  the  substance  of  another  myth,  a  myth  new  to  the  cultural  history 
of  man.  Supporting  that  myth  all  about  us  is  a  most  visible  heritage. 
It  is  the  myth  of  abundance,  the  super-colossal,  the  better-than-most 
and  the  orientation  of  our  consumer  nation.  So  plentiful  was  land, 
even  Jefferson  would  counsel  that  it  was  better  to  clear  forty  new 
acres  than  waste  time  reconstituting  the  old.  The  only  item  which 
needed  conserving  in  Jefferson's  America  was  time  for  building  a 
nation. 

"May  1st,  1822.  Township  17  North,  Range  10  West,  continuing 
west  22  rods  from  last  stake,  Corner  Section  35.  Sugar  14  inches, 
48  links  03  degrees,  White  Oak  43  inches,  22  links  121  degrees,  set 
stake.  This  section  gentle,  rolling.  Sugar  and  Walnut  land.  Very 
fertile.  Continuing  west,  18  rods.  .  .  ."  At  the  very  heart  of  our 
democratic  society  is  the  concept  of  private  property.  This  idea  of 
the  personal  ownership  of  land  was  very  difficult  for  the  Indians  to 
comprehend.  It  was  their  notion  that  they  belonged  to  the  land;  the 
land  did  not  belong  to  them.  So  Tecumseh  would  cry  at  Harrison, 
"What  do  you  mean  by  "white  father?"  "The  sun  is  my  father.  The 
earth  is  my  mother."  We  believe  most  assuredly  that  the  land  belongs 
to  us,  and  in  the  twentieth  century,  as  a  species,  that  the  earth 
belongs  to  us.  In  so  believing,  knowing  it  or  not,  we  reject  again 
the  precept  of  our  garden  myth,  as  in  that  myth,  Adam  rejected  the 
restraint    required    for    continuing    occupancy    of    Eden.     Dispossessed 
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gardeners  are  not  the  easiest  people  to  rehabilitate.  They  forever 
mumble  about  green  things,  about  involvement  with  the  old  continuum 
of  life  in  its  various  forms.  By  seeing  the  productivity  and  continuity 
of  the  natural  world,  they  think  they  see  a  promise  in  themselves, 
some  secret,  common  to  all  nature,  of  which  they  are  a  part.  We 
have  searched  a  long  time  in  Athens  for  a  rational  substitute  for  this 
emotional  impact  of  the  garden  world.  In  a  kind  of  twentieth  century 
pantheism,  we  search  for  some  new  idea,  a  new  synthesis,  some 
inclusive  concept,  something  we  can  measure  and  articulate  which 
will  unify  our  fragmentary  awareness  and  make  us  whole.  A  unified 
field  theory  in  physics,  gestalt  psychology  and  philosophy — in  biology, 
reducing  our  knowledge  of  variation  in  the  organic  world  to  twisted 
ribbons  of  nucleic  acid  and  reading  backward  through  the  evolution 
of  life  .  .  .  But  for  the  whole  of  our  awareness  no  unifying  principle 
yet  exists.  We  cannot  yet  replace  the  Garden  with  Athens.  The  problem 
is  that  in  so  many  aspects  of  our  civilization  we  have  rejected  both. 

Peter  Blake,  in  his  brilliantly  depressing  book,  God's  Own  Junk- 
yard, depicts  the  rejection  of  Athens  by  using  two  adjacent  photographs. 
One  shows  the  campus  of  the  University  of  Virginia  as  it  was  en- 
visioned by  Jefferson.  The  second  shows  the  disordered  nightmare  of 
neon  signs,  electric  wires,  marques  and  billboards,  which  is  the  prin- 
cipal landscape  of  almost  every  American  city. 

Our  government,  by  lack  of  statute,  maintains  that  included  in 
our  economic  freedom  is  the  right  of  anyone  to  nail  together  any 
species  of  outdoor  advertisement  from  Northern  Tissues  to  the  Second 
Coming,  so  long  as  it  isn't  excessively  obscene.  That  true  obscenity 
is  allowed  is  a  moot  point.  And  yet,  our  constitution  clearly  stipu- 
lates restraint  of  those  freedoms  which  violate  the  life,  liberty  or 
pursuit  of  happiness  of  other  citizens.  That  civic  beauty,  that  some 
remote  sense  of  sensitivity  to  the  look  of  a  landscape,  that  these 
are  vital  to  the  above  pursuit  is  a  hard  case  to  plea  in  the  face  of 
our  economic  realities.  Preoccupied  with  our  myth  of  abundance,  our 
society  places  a  decided  disadvantage  on  those  businessmen  who  would 
practice  restraint  for  the  sake  of  a  decent  environment.  Restraint 
for  one  must  be  restraint  for  all.  That  has  a  strange  democratic 
ring  to  it.  And  yet  the  legislation  required  has  been  branded  as 
creeping  socialism — even  galloping  communism — by  the  outdoor  ad- 
vertising lobbies.  And  we  are  left  with  what  Mencken  called  "a 
libido  for  ugliness,"  and  an  anti-intellectual,  uglification  of  our  country- 
side, with  little  of  Athens  and  scarcely  a  remnant  of  the  Garden. 
And  we  continue  as  a  society,  with  little  concerted  outcry,  to  travel 
"from  one  inflamation  of  the  retina  to  the  next"  (to  use  Blake's 
phrase),  raising  children  in  the  ruins  of  the  war  we  lost. 

In  the  twentieth  century,  we  are  in  the  dilemma  of  being  de- 
pendent upon  a  synthetic  environment  for  which  there  is  very  little 
translated,  perhaps  even  translatable,  aesthetic  value.  We  can  write 
poems  or  symphonies  about  industrialized  society,  steel  mills,  highways 
and  the  Golden  Gate  Bridge,  but  we  are  not  sure  we  know  how  to 
believe    them.     A    twentieth    century    primitive    of   welded    scrap    metal 
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and  bottle  caps,  mobiles  of  beer  cans  and  sparkplugs,  may  tell  us 
something  about  the  human  experience  but  not  what  in  our  soul 
we  are  longing  to  hear.  We  are  not  sure  whether  such  art  is  an 
aesthetic  stance  or  a  diagnosis,  or  even  a  neurotic  caricature.  But 
one  thing  seems  certain — it  is  authentic  art — it  reflects  the  age, 
and  more  people  should  take  it  seriously. 

Over  the  lifetime  of  all  of  us,  we  have  witnessed  in  this  country, 
not  only  an  acceleration  in  the  deterioration  of  our  total  environment; 
we  also  have  had  to  cope  with  the  consequences  of  what  at  times 
has  been  a  tragic  mismanagement  of  a  Garden  far  more  complex 
and  far  more  delicately  balanced  than  we  could  possibly  have  imagined. 
The  same  generation  has  been  asked  to  assimilate  a  new  knowledge 
about  man  and  about  our  relation  to  the  world — the  world  left  to 
us  by  Darwin  and  Freud.  Our  reaction  to  this  knowledge  may  ulti- 
mately shape  what  is  possible  as  remedy  in  our  environmental  crisis. 
There  is  the  reinforced  knowledge  that  clothing  and  roofs  and  walls 
and  locked  doors  and  black  books  shut  out  more  than  nature's  weather. 
They  shield  us  in  a  highly  adaptive  way,  from  the  constant  and 
paralyzing  realization  of  the  impersonal  nature,  even  tyranny  of  the 
physical  world;  of  its  loneliness,  and  of  our  ultimate  helplessness. 
Our  so  called  "ecological  crisis"  is  only  superficially  environmental. 
As  pointed  out  by  Dobzhansky  and  by  Lynn  White,  for  western  man 
it  is  inevitably  a  crisis  in  belief.  Anthropologists  tell  us  that  systems 
of  morality,  some  form  of  religious  ethics  is  common  to  all  human 
groupings.  It  matters  not  very  much,  they  tell  us,  what  exactly  is 
the  premise  for  the  ethical  system.  A  diversity  of  beliefs  and  notions 
of  supreme  supernatural  authority  in  various  parts  of  the  world 
at  various  times,  have  given  shape  to  the  human  social  order;  served 
to  an  adaptive  advantage  as  an  internal  cohesive  factor  for  developing 
civilizations.  Our  Judeo-Christian  ethos,  as  it  evolved,  was  uniquely 
suited  to  those  cultures  of  manipulative  man.  The  ability  to  perceive 
causal  relationships  and  the  vigor  and  temperament  to  manipulate 
the  environment  was  rigorously  selected  for  at  the  ends  of  the  Pleisto- 
cene summers.  The  religious  ethos  attending  social  evolution  in  the 
north  temperate  zone  (a  zone  nearer  the  old  world  civilizations  then 
than  it  is  today),  was  one  which  had  to  accommodate  this  evolutionary 
product.  One  cannot  cut  down  sacred  groves  for  firewood  or  to  build 
houses  or  ships  if  the  trees  are  the  home  of  a  god.  A  first  require- 
ment was  to  take  God  out  of  hostile  nature  and  put  him  in  the  sky, 
in  heaven — actually  any  place  conveniently  out  of  the  way.  With 
nothing  sacred  left  in  nature,  the  natural  world,  as  then  distinguish- 
able from  the  supernatural,  became  once  again  a  collection  of  things, 
things  to  be  manipulated  to  man's  advantage,  "to  conquer  and  sub- 
due, ...  to  have  dominion  over"  indeed,  put  there  for  that  purpose. 
This  rejection  of  the  sacredness  of  nature,  is  our  ultimate  rejection 
of  the  Garden  Myth  and  was  the  beginning  of  the  assumption  of  the 
Myth  of  Athens. 

All  this  has  not  gone  without  its  critics.  At  one  extreme  is  the 
less    than    happy    view    of    man    as    a    disease    of    nature,    likening   his 
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civilization,  his  unprecedented  population  growth  to  a  slow  malignancy 
that  is  wrecking  first  one  system  then  another  and  will  soon  render 
dysfunctional  whatever  is  the  ecosystemic  equivalent  of  say — the  liver, 
in  his  supra-organism,  the  earth.  This  cheerful  but  steadily  growing 
minority  grades  into  another  group  which  recognizes  that  there  are 
simply  superior  and  inferior  people.  This  group  quickly  affiliates  itself 
with  the  former  by  pointing  out  that  the  chief  avocation  of  the  latter 
is  evidently  the  world  wide  dissemination  of  cigarette  wrappers,  beer 
cans  and  forest  fires.  Then  too,  there  is  the  straight-sighted,  economic 
survivalist  (some  say — surrealist)  who  admonishes — "just  keep  the  dollar 
strong — a  viable  economy  is  all  that  is  needed.  It  will  find  the  answers, 
remember  technology — let  things  grow — have  some  faith  in  evolu- 
tion— that's  what  I  always  say'."  Many  laymen  believe  that  things 
just  inevitably  evolve  in  an  upward  spiral  of  ever-increasing,  ever- 
improving  progress.  Why  think  otherwise?  Why  should  a  biologist 
remind  anyone  that  for  individual  species,  things  can,  in  fact,  evolve 
from  bad  to  worse  to  terrible  to  extinction — the  ecosystems  of  the 
world  being  not  much  the  worse  for  it.  Somewhere  there  has  to 
develop  an  abnormal  rationality,  an  abnormal  selflessness; — men  who 
will  consider,  listen,  who  will  weigh  short  term  gains  against  long 
run  losses  and  who  will  construct  protective  and  remedial  legislation 
and  defend  it  into  law. 

Daniel  McKinley,  writing  in  Perspectives  in  Biology  and  Medicine, 
recently  said  this:  "Perhaps  neither  in  man  nor  in  non-man  are 
there  enough  sign  posts  for  all  the  future,  but  in  the  unhumanized 
landscape  lies  a  certain  excellence,  both  economic  and  aesthetic." 
McKinley  goes  on  to  make  clear  that  he  and  a  growing  number  of 
citizens,  including  scientists,  does  not  intend  to  lose  these  landscapes 
for  lack  of  funds  or  for  lack  of  effort  in  attempt  to  save  them,  or 
to  surrender  them  thoughtlessly  to  empty  verbalisms  about  national 
income  efficiencies  or  to  industries  or  agencies,  private  or  public,  which 
destroy  these  landscapes  needlessly  and  then  try  to  make  their  deeds 
invisible  behind  a  host  of  conservation  publications  and  advertising 
copy. 

To  many  people  it  may  seem  beside  the  fact  in  a  century  of 
John  Muir  and  Gifford  Pinchot,  of  Aldo  Leopold  and  Hugh  Bennet, 
of  "Ding"  Darling  and  Paul  Sears,  the  Roosevelts  and  all  that  federal 
money  and  state  parks  and  Departments  of  Natural  Resources,  to 
be  overly  concerned  about  conservation  or  about  the  preservation  of 
natural  areas.  But  after  all  of  the  mistakes  and  hard  lessons,  our 
sense  of  preservation  today  is  still  tragically  uncertain.  One  under- 
lying reason  for  this,  as  Udall  points  out  in  The  Quiet  Crisis  (which 
has  become  noiser  than  anticipated)  is  that  too  many  of  us  lack 
roots  in  any  one  part  of  the  American  earth.  No  matter  how  worldly 
we  become,  emotional  attachments  are  provincial,  whether  a  street 
corner  from  childhood,  or  a  remembered  woods  or  river.  But  the 
dynamics  of  our  age  breeds  in  us  as  never  before  that  great  expectation 
that  after  this  brief  interlude,  over  the  next  ridge,  into  the  next 
decade — ah,  there  would  be  the  world,  and  we  would  be  prepared  and 
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knowing1.  It  is  the  "opening  door"  idea  of  growing  up.  As  individuals 
and  as  a  nation  we  have  known  it.  But  the  older  we  become  as  in- 
dividuals, the  more  we  come  to  realize  that  the  world  is  here,  where 
we  are  now.  And  if  we  are  to  be  involved,  with  beauty,  in  our  lives 
or  in  our  landscapes,  it  must  begin  with  our  immediate  environment. 
Surely,  in  our  lifetime,  we  must  confirm  in  law  and  in  the  attitude  of 
our  individual  lives,  a  more  genuine  land  ethic;  realize  a  balance 
between  private  and  public  domain  with  more  in  sight  than  payrolls 
and  profit.  For  as  our  population  increases  in  a  land  area  that  remains 
constant,  more  and  more  people  will  be  brought  together  in  dispute 
over  why  and  how  land  is  to  be  used — industry,  highways,  recreation, 
housing,  reservoirs  and  natural  areas. 

From  the  beginning,  like  all  animals,  we  Americans  have  re- 
quired two  fundamental  things  in  our  environment — productivity  and 
protection.  It  is  no  longer  true  that  our  answers  are  the  envy  of 
the  world,  for  we  have  created  cities  few  people  want  to  live  in, 
and  we  have  left  lands  cut  to  pieces  by  expedience  and  greed.  Earlier 
generations  had  the  ingenuity,  the  will  and  civic  energy  to  take  this 
continent  apart,  mile  by  mile;  to  bend  it  into  more  predictable  forms 
of  productivity,  to  create  our  myth  of  abundance  and  to  fashion  from 
it  a  surviving  freedom.  It  is  within  the  means  of  our  generation  to 
put  our  civic  landscape  together  again;  to  acknowledge  our  dual 
dependence  on  the  civic  and  the  natural;  to  see  the  needed  mosaic; 
to  teach  it  from  kindergarten  onward,  to  the  next  generation;  to 
build  Athens,  but  surrounded  by  the  Garden.  We  have  the  knowledge, 
the  resource  and  perhaps  at  last  the  determination  to  make  of  the 
human  environment  whatever  we  will.  The  freedom  of  our  society 
to  make  that  choice  has  been  purchased  at  an  incredible  cost  of  lives 
and  treasure. 

The  American  poet,  e.  e.  cummings  once  wrote,  "always  the  more 
beautiful  answer  who  asks  a  more  beautiful  question."  Over  the 
years  we  have  had  countless  men  who  have  asked  such  a  question. 
And  as  Earth  Day  may  testify,  the  coming  generation  is  going  to 
demand  the  answer. 
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The  welfare  and  future  of  the  human  species  present  compelling 
demands  for  answers  about  the  organization  of  the  ecosphere  and 
about  man's  interactions  with  all  other  components  (1).  Detailed 
knowledge  of  ecosystem  function  is  imperative  if  man  is  to  maintain 
a  quality  living  experience  in  the  face  of  the  growing  dilemmas  of 
population  increase,  environmental  attrition  and  energy  misuse. 

The  environmental  sciences,  whose  truths  arise  from  the  study 
of  nature,  hold  the  key  to  human  survival.  In  the  final  analysis,  the 
same  laws  and  relationships  that  govern  populations  of  wild  species 
govern  us.  Man's  ability  to  study  and  understand  these  natural  re- 
lationships and  to  implement  his  findings  through  wise  management 
of  the  natural  landscape  is  his  hope  for  survival. 

In  the  introduction  of  his  stimulating  book,  Design  with  Nature, 
Ian  McHarg  revives  our  hope  for  a  better  world  when  he  states  that 
"man  is  that  uniquely  conscious  creature  who  can  perceive  and  express. 
He  must  become  the  steward  of  the  biosphere.  To  do  this,  he  must 
design  with  nature."  (5). 

Obviously,  the  trial  and  error  land-use  policy  of  the  past  has 
not  worked,  and  represents  everything  but  a  'design  with  nature,'  but 
where  do  environmentalists  turn  for  information  to  design  a  better 
system  ?  A  growing  body  of  scientists  believe  that  the  answers  lie  in 
natural  ecosystems  wherein  live  species  that  have  collectively  achieved 
a  near-perfect  design  through  the  processes  of  organic  evolution,  natural 
selection  and  ecological  adjustment  over  enormous  periods  of  time. 
Some  of  the  most  valuable  information  is  stored  in  the  developmental 
histories  of  these  biotic  communities  and  in  the  DNA  templates  of 
their  component  species.  The  richness  of  the  information  source  is 
a  function  of  the  species  diversity  and  the  time  span  during  which 
the  organisms  have  been  interacting  with,  and  adjusting  to,  their 
physical  environment. 

To  destroy  habitats  and  the  species  they  support  is  to  destroy 
an  equal  number  of  volumes  in  nature's  library.  Past  land-use  changes 
have  nearly  obliterated  many  natural  communities  and  have  frag- 
mented the  rest,  forcing  ecologists,  in  the  process,  to  translate  most 
of  nature's  books  without  access  to  many  key  pages.  In  Indiana, 
the  story  is  still  there  for  the  perceptive  to  read,  but  time  is  short 
and  we  continue  to  destroy  our  environmental  library,  page  by  page, 
volume  by  volume.  For  example,  at  this  writing,  a  portion  of  the  last 
tract  of  Vigo  County  prairie,  that  once  covered  over  Vs  of  the  county,  is 
for  sale  for  real  estate  development,  and  one  of  the  finest  remaining 
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oak-hickory  forests  left  in  the  state,  the  James  Bird  Woods  in  Harrison 
County  (6),  will  doubtless  be  leveled  by  the  chain  saw  before  this 
appears  in  print.  Closer  to  home,  the  white  oak  woodland  next  to 
my  home  that  yesterday  was  a  forest  with  the  golden  glimmer  of 
autumn  is  today  a  pile  of  pulpwood. 

There  is  no  point  in  lamenting  the  loss  of  the  wilderness  that 
was  Indiana.  Instead,  we  must  address  ourselves  to  saving  the 
remnants  of  primaeval  Indiana  as  nature  preserves.  The  destruction 
of  the  natural  environment  is  appalling  and  everywhere  evident;  land 
prices  rise  daily  and  land-use  patterns  are  crystallizing  so  rapidly 
that  what  we  save  in  the  next  10-20  years  is  all  that  ever  will  be 
preserved. 

As  the  intellectual  excitement  and  the  practical  significance  of 
ecology  attracts  more  scientists,  the  need  for  natural  areas  repre- 
senting the  whole  range  of  natural  ecosystems  will  grow.  A  nation-wide 
or  preferably  a  world-wide  system  of  nature  preserves  is  needed 
in  which  all  major  ecosystem  types  are  represented.  Although  the 
United  States  has  led  the  world  in  national  park  establishment,  the 
federal  government  has  lagged  behind  several  other  nations,  such  as 
Great  Britain,  Finland,  Romania  and  the  Soviet  Union,  in  natural  area 
preservation.  For  example,  in  1968,  only  31  of  the  85  types  of  eastern 
deciduous  forest  recognized  by  the  Society  of  American  Foresters' 
classification  were  represented  in  federally-owned  nature  preserves. 
Grassland  and  savanna  types  were  even  more  poorly  represented  with 
only  15  of  57  recognized  types  included  in  federal  ownership  (2).  This 
presents  a  challenge  to  state  and  private  agencies  in  the  east  and 
midwest  to  acquire  and  protect  areas  in  the  presently  non-represented 
types.  Moreover,  most  local  natural  areas  are  too  small  to  attract 
national  concern  and  preservation  efforts.  Far  too  often  we  discover 
a  highly  desirable  natural  area,  quickly  do  an  ecological  inventory 
to  add  its  description  to  the  literature,  then  find  the  aftermath  of 
the  chain  saw  or  bulldozer  when  we  return  to  preserve  the  tract. 
Redoubled  efforts  in  natural  area  preservation  would  go  a  long  way 
to  avoid  this  kind  of  'epitaph  ecology.' 

Indiana  is  one  of  nine  states  having  legal  provisions  for  estab- 
lishing and  protecting  nature  preserves,  but  acquisition  has  not  been 
as  rapid  as  desired.  Official  endorsement  has  little  value  unless  backed 
by  public  and  private  acceptance  and  action.  Several  Indiana  com- 
munity types  are  not  well  represented  and  most  of  the  best  natural 
areas  remain  vulnerable  in  private  ownership.  Funding  continues  to 
be  exceedingly  difficult.  Unfortunately  those  who  best  understand 
natural  area  values  are  not  financially  well-endowed.  As  a  result, 
ecologists  'bite  their  lip'  and  watch  two  or  three  of  the  finest  remaining 
outdoor  laboratories  in  Indiana  be  destroyed  each  year. 

A  system  of  nature  preserves  is  needed  in  Indiana  to  serve 
at  least  four  major  purposes.  The  first  is  reference  ecosystems  that 
are  at  or  approaching  the  end  point  in  biotic  succession.  The  informa- 
tion storage  is  highest  in  climax  types  and  they  are  fewest  in  number; 
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therefore,  they  should  be  assigned  the  highest  priority  for  acquisition 
(4).  Since  these  communities  are  in  equilibrium  with  the  physical 
environment,  they  provide  a  base  datum  of  normality  or  an  example 
of  how  a  healthy  landscape  maintains  itself  as  a  living  system.  As 
such,  they  serve  as  the  environmental  equivalent  of  laboratory  controls. 
Man's  modification  of  the  landscape  can  then  be  compared  to  nature's 
model  to  determine  the  wisdom  of  his  management  decisions. 

Since  climax  habitats  retain  high  species  diversity  at  relatively 
low  density  they  also  serve  as  living  museums  in  which  wildlife, 
wildflowers,  ferns  and  other  species  sensitive  to  environmental  dis- 
turbance may  be  preserved.  These  wild  populations  represent  the 
genetic  raw  materials  for  improving  our  complement  of  domestic 
plants  and  animals.  All  of  our  present  domestic  species  came  from 
wild  ancestors  and  those  of  the  future  will  most  likely  have  been 
tested  and  approved  in  natural  systems.  Lest  the  rarer  species 
become  endangered  and  their  gene  pools  further  depleted  and  frag- 
mented, collecting  should  be  held  to  the  bare  minimum  of  voucher  speci- 
mens taken  to  complete  faunal  and  floral  inventories  at  reasonable  time 
intervals.  These  areas  are  too  rare,  too  valuable  and  too  small  to 
be  used  as  private  collecting  grounds. 

If  possible,  all  physiographic  areas,  vegetation  types  and  special 
habitats,  such  as  bogs,  marshes,  swamps  and  rock  outcrops,  of  the 
state  should  be  represented  in  this  system  of  little-disturbed  tracts. 
Buffer  areas  around  the  tracts  should  be  acquired  to  reduce  the 
danger  of  disturbance;  whenever  possible,  entire  watersheds  should 
be  preserved  as  a  unit.  Aquatic  communities  are  often  most  vulnerable 
because  of  active  and  frequently  unjustified  drainage  and  flooding 
programs  and  high  levels  of  watershed  mismanagement.  Some  com- 
munity types,  such  as  tall  grass  prairie,  are  essentially  gone  from 
Indiana  as  a  climax  type,  and  need  to  be  artificially  reconstituted  and 
maintained. 

A  second  category  of  natural  areas  is  those  specifically  designed 
for  environmental  research  and  usually  manipulated  by  cultivation, 
controlled  burning,  pesticide  application,  selective  cutting  or  reduction 
of  wildlife  populations  to  maintain  a  given  successional  stage  or  to  de- 
termine the  effects  of  specific  management  practices  on  community 
dynamics.  Ultimately,  entire  seres  leading  to  most  climax  types  should 
be  acquired  and  maintained. 

It  is  recognized  that  even  climax  communities  undergo  some 
change,  but  serai  communities  are  very  unstable  because  the  forces 
of  succession  cause  shifts  in  population  density  and  species  composition. 
Frequently,  it  is  desirable  to  manipulate  community  dynamism  so  that 
several  successional  stages  are  present  for  research  and  college  in- 
struction in  ecosystem  development.  Management  of  succession  in 
natural  areas  is  useful  in  determining  the  nature,  rate  and  sequence 
of  nature's  attempt  to  repair  landscape  damage  due  to  human  use. 
Knowledge   of   community   recovery   mechanisms   is   important   in   main- 
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taining    landscape    health    because    land    abuse    leaves    ecological    scars 
just  as  surely  as  organismal  wounds  leave  anatomical  scars. 

Natural  areas  maintained  primarily  for  scientific  investigation 
should  not  be  open  to  general  public  use  because  fragile  communities  or 
species  may  be  endangered  or  field  research  may  be  disrupted.  The 
public  need  not  resent  this  restriction,  even  if  these  outdoor  laboratories 
are  state  owned.  After  all  laboratory  scientists  at  our  state  universities 
do  not  permit  the  public  to  browse  at  will  in  their  experimental  areas. 

Field  instruction  in  taxonomy,  ecology,  conservation,  geology,  soils, 
and  nature  study  is  the  third  major  justification  for  nature  preserves. 
Representative  natural  areas  are  needed  close  to  schools  for  frequent 
visits  and  class  projects  during  brief  laboratories.  As  the  Environmental 
Education  Quality  Act  is  implemented  more  areas  will  be  needed 
near  elementary  and  high  schools  as  well  as  near  colleges  and  universi- 
ties. High  school  relocation,  due  to  consolidation,  and  the  construction 
of  regional  college  campuses  present  unusual  opportunities  to  acquire 
suitable  natural  areas  near  new  schools.  Frequently,  a  farm  woodlot, 
which  would  serve  a  high  school's  needs  very  adequately,  could  be 
purchased  for  a  few  thousand  dollars.  Natural  areas  at  some  distance 
from  a  school  are  also  valuable  for  extended  field  trips.  Dr.  Robert 
Petty,  Chairman  of  the  Scientific  Areas  Preservation  Committee  of 
the  Indiana  Academy  of  Science,  found  that  the  average  high  school 
teacher  would  take  classes  45  miles  to  a  natural  area  (4). 

All  colleges  and  universities  should  have  at  least  one  fairly  large 
natural  area.  Over-use  of  small  tracts  of  15-25  acres  frequently  results 
in  serious  disturbance.  Little  is  gained  by  preserving  20  acres  of 
something  irreplaceable  if  its  preservation  means  that  the  increased 
publicity  and  use  will  ruin  it. 

Most  colleges  and  universities  can  afford  a  sizable  tract  of  100 
to  200  acres.  Even  if  they  must  pay  $500  or  more  per  acre,  the 
cash  outlay  would  hardly  exceed  that  for  a  major  instrument,  such 
as  an  electron  microscope,  its  space  and  accoutrements.  Furthermore, 
with  real  estate  values  steadily  climbing,  and  the  short  half-life 
of  scientific  instruments,  the  land  is  likely  a  far  better  investment. 

Ecologists  should  lead  any  natural  area  preservation  efforts  con- 
ducted by  their  employing  institution.  Since  nature  preserves  are  of 
utmost  importance  to  field  scientists,  "What  justifies  the  assumption 
that  laymen  should  be  laboriously  pulling  our  chestnuts  from  the  fire 
for  us?"  as  Dr.  Alton  Lindsey  phrased  it  (3). 

The  fourth  category  of  natural  areas  has  perceptive-recreation, 
aesthetic  appreciation  and  isolation  in  nature  for  central  values.  Since 
recreation  is  valuable  in  proportion  to  the  intensity  of  its  experiences, 
and  to  the  degree  to  which  it  differs  from  and  contrasts  with  work- 
aday life,  people  need  Vest  pocket'  wildernesses  where  they  can  ex- 
perience a  complete  change  from  their  tedious  daily  routine.  Most 
thoughtful    people     concur     that    some    contact    with    wild    nature     is 
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essential  to  human  health.  Perhaps  it  was  best  summed  up  by  one 
of  my  students,  Priscilla  Gustafson,  when  she  wrote  in  her  term 
paper:  "When  all  natural  wilderness  is  gone,  will  the  frontiers  of 
man's  mind  be  enough?" 

Some  may  protest  that  natural  area  values  serve  only  a  minority 
of  the  population.  They  should  be  reminded  that  we  are  talking 
about  only  an  infinitesimal  portion  of  the  land.  All  of  the  natural 
areas  listed  in  Natural  Areas  in  Indiana  and  their  Preservation  (4) 
total  less  than  0.06%  of  Indiana.  Natural  areas  are  priceless  beyond 
all  proportion  to  their  size  because  of  their  increasing  rarity. 

De  facto  land  saving  is  insufficient  to  maintain  available  nature 
preserves  in  the  four  major  use  categories  outlined  above.  Perpetual 
maintenance  and  management  are  needed  to  prevent  attrition  and 
over-use,  particularly  near  the  central  features.  Perpetuity  is  a 
rather  long  time  so  ownership  and  protection  should  rest  with  a 
state  or  permanent  public  agency  rather  than  private  landholders. 
Larger  natural  areas  can  meet  several  needs  if  zoning,  protection 
and  management  are  skillfully  employed.  Part  of  an  area  could  be 
held  inviolate,  another  section  used  for  experimentation  under  quasi- 
natural  conditions,  and  a  third  portion  used  for  supervised  field  class 
instruction  or  aesthetic  pursuits. 

Classification  of  and  priority  for  saving  natural  areas  should 
be  based  primarily  on  their  ecological  and  aesthetic  attributes,  but 
economic  values  should  not  be  discounted.  Although  difficult  to  assign 
its  dollar  value,  a  major  benefit  is  the  dissipation  and  neutralization  of 
pollutants.  Examples  are  oxygen  production  and  CO-  use  in  photosyn- 
thesis. Pollution  is  an  increasingly  serious  problem  because  landscape 
modification  has  reduced  the  natural  or  'undeveloped'  portion  of  the 
biosphere  to  an  area  that  can  no  longer  absorb,  disperse  and  counteract 
the  effects  of  increasing  quantities  of  environmental  additives.  As  the 
natural  environment  is  destroyed  (currently  4,000  acres  are  placed  in 
housing  developments  daily),  the  current  imbalance  of  natural  versus 
'developed'  landscapes  shifts  ever  more  rapidly  toward  pollution- 
producing  tracts,  further  endangering  a  deteriorating  human  environ- 
ment. How  far  can  the  ecospheric  equivalent  of  the  Tower  of  Pisa 
lean  before  completely  collapsing? 

Other  economic  benefits  derive  from  virgin  soils  as  models  for 
buildup  and  maintenance  of  fertility,  and  as  sources  of  fungi  for 
antibiotic  manufacture.  Drugs  are  frequently  extracted  from  wild 
plants  and  natural  insecticides  may  be  developed  from  ferns,  horse- 
tails or  bryophytes.  Insect-plant-biochemical  co-evolution  has  been  go- 
ing on  in  natural  communities  for  millenia  and  chemical  defenses 
against  insects  are  nearly  perfect  in  some  native  plant  species.  Our 
food  plants  have  energy  storage  as  the  major  essence  and  cannot 
afford  the  luxury  of  producing  defensive  chemicals. 

A  classic  illustration  of  the  economic  benefits  of  natural  areas 
was   provided   by   Dr.    Charles   W.   Wharton,   Georgia   State   University, 
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Atlanta.  He  cited  the  Alcovy  River  Project  in  which  a  cost  analysis 
by  the  Soil  Conservation  Service  showed  that  the  annual  benefits 
from  agricultural  acreage  would  be  $105,000,  providing  that  it  was 
fully  used.  However,  this  was  speculative,  since  much  of  the  area 
was  already  in  soil  bank. 

In  a  carefully  documented  study,  Dr.  Wharton  showed  that  the 
multiple-use  value  of  the  swamp  has  an  annual  value  to  the  taxpayer 
of  more  than  $7,000,000.  Southern  river  swamps,  in  Dr.  Wharton's 
words,  are  described  as  "examples  of  green  belts,  as  oxygen  machines, 
as  sponges  for  regulation  of  the  vital  water  cycle,  as  giant  kidneys 
for  waste  purification,  as  natural  convalescent  wards  for  the  aesthetically 
ill,  and  as  outdoor  classrooms  and  laboratories  for  the  public  school 
system."  (7). 

This  is  not  to  imply  that  preservation  for  its  own  sake  is  not 
important.  Even  though  many  species  have  little  or  no  current  economic 
value  other  than  to  contribute  to  the  integrity  and  diversity  of  biotic 
communities,  they  are  entitled  to  continuance  because  they  add  en- 
richment to  our  living  experience  and  help  avoid  the  dreary  com- 
monality of  modern  life.  Man  will  be  less  human  in  a  world  without 
brown  pelicans,  bald  eagles,  black-footed  ferrets  and  wild  orchids 
even  if  the  Gross  National  Product  increasingly  elevates. 

Perhaps  the  case  for  natural  areas  can  be  best  summarized  by 
paraphrasing  a  passage  from  one  of  Aldo  Leopold's  perceptive  essays: 
"Worth  in  dollars  is  only  an  exchange  value,  like  the  sale  value 
of  a  painting  or  the  copyright  of  a  poem.  What  about  replacement 
value?  Supposing  there  were  no  longer  any  paintings  or  poetry 
or  natural  areas  ?  It  is  a  bleak  thought  to  dwell  on,  but  it  must 
be  answered.  In  dire  necessity  somebody  might  write  another  Iliad 
or  paint  another  Mona  Lisa,  but  fashion  a  natural  area?"    Hardly! 
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Aboriginal    Occupations    in    the    Vicinity    of    Greene    County,    Indiana. 

Curtis    H.    Tomak,    Department    of   Anthropology,    Indiana   University, 

Bloomington,   Indiana   47401. This  report  dealt  with  the  prehistoric 

Indian  occupations  in  an  area  of  southwestern  Indiana  drained  by  the 
White  River.  The  area  of  concentration  was  Greene  County.  Cultural 
products  discussed  include  28  kinds  of  points  and  6  kinds  of  pottery. 
In  addition,  cultural  units  were  presented  to  the  extent  that  artifact 
associations  and  other  data  permitted.  This  material  was  organized 
into  broad  cultural  groupings  consisting  of  Paleo-Indian,  Archaic,  Early 
Woodland,  Middle  Woodland,  Late  Woodland,  and  Mississippian.  Nine 
kinds  of  chert  have  also  been  described  for  the  area. 

The  data  for  the  report  was  provided  by  two  archaeological  surveys. 
Glenn  Black  worked  in  Greene  County  in  1931  and  1932.  His  report 
discussed  145  sites  including  excavations  of  some  Woodland  mounds, 
cemeteries,  and  villages.  The  author  began  survey  work  in  1963  and 
has  accumulated  data  concerning  248  previously  unrecorded  sites  in 
Greene  County  as  well  as  additional  data  pertaining  to  many  of  the 
sites  reported  by  Black.  In  addition,  information  was  provided  for 
about  50  sites  in  adjacent  counties.  The  1963  survey  participated  in 
the  excavation  of  two  Late  Woodland  cemeteries  and  salvaged  a  few 
burials  and  features  exposed  by  local  people. 

The  Pottery  of  the  Early  Woodland  Component  at  the  Crib  Mound, 
Spencer  County,  Indiana.  Alphonse  M.  Stadler  and  George  K.  Neu- 
mann,  Department   of   Anthropology,   Indiana   University,   Bloomington 

47401. The   Crib   Mound    (HSp2)    located   on   the  banks   of  the   Ohio 

River  has  over  the  years  gradually  been  washed  into  the  stream. 
The  shell  heap  under  it  has  long  been  known  as  one  of  the  most 
prolific  sources  of  Archaic  artifacts  to  collectors,  but  it  has  not  been 
generally  known  that  the  site  yielded  Paleo-Indian  artifacts,  as  well 
as  skeletal  material  that  appears  to  antedate  the  Archaic  occupation. 
An  analysis  of  1135  potsherds  collected  by  Mr.  Robert  Edler  of 
Bedford,  Indiana,  now  reveals  that  the  site  was  probably  sporadically 
occupied  from  Archaic  to  Mississippian  times.  Surprisingly,  more  than 
95%  of  the  pottery  is  Early  Woodland  Baumer,  which  probably  diffused 
up  the  Ohio.  Later  Hopewell  and  Middle  Mississippi  wares  appear  only 
in  small  numbers. 
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The   Peopling  of   South   America   as   Seen  from  the  Magdalena  Valley. 

Norman  A.  Tague  and  Georg  K.  Neumann,  Department  of  Anthropol- 
ogy,  Indiana   University,   Bloomington   47401. A  preliminary   survey 

of  sites  and  museum  materials  from  the  Magdalena  Valley  drainage 
basin,  revealed  the  strategic  importance  of  this  area  as  the  most  likely 
of  the  three  migration  corridors  into  the  continent.  A  Paleo-Indian 
site  with  a  radiocarbon  date  of  10,400 ±160  B.C.  confirms  the  pressure 
of  Early  Hunters  in  the  Savanna  de  Bogota.  Since  the  Sierra  Madre 
Oriental,  extending  from  Venezuela  to  Ecuador,  forms  an  effective 
barrier  to  migration  from  Panama  to  the  Montana  area,  the  move- 
ments of  people  would  necessarily  have  to  be  channeled  south  up  the 
Magdalena,  and  across  the  low  mountains  to  get  into  the  Putamayo 
drainage  of  the  Montana  and  the  Amazon  Basin.  For  that  reason, 
practically  all  migrants  who  peopled  the  region  east  of  the  Andes 
should  have  left  evidence  of  their  occupation  in  the  Magdalena  Valley. 
The  other  two  means  of  access  to  the  continent,  along  the  Pacific 
and  Atlantic  coasts,  seem  less  likely  routes  because  they  present 
serious  physiographic  and  climatological  barriers. 

The  Late  Woodland  Population  at  the  Robert  Gooden  Site,  Fulton  County, 
Illinois.     Georg    K.    Neumann    and    Judith    B.    Gill,    Department    of 

Anthropology,  Indiana  University,  Bloomington  47401. Until  recently 

very  little  was  known  regarding  the  origins,  distribution,  and  chrono- 
logical position  of  the  Late  Woodland  manifestations  in  the  Illinois 
Valley.  Now,  two  possible  cultural  complexes  and  associated  skeletal 
material  present  clues  as  to  origins  and  relationships  to  older,  con- 
temporaneous and  more  recent  groups.  On  the  one  hand,  with  the 
discovery  of  Woodland  pottery  at  the  Dickson  Mound  associated  with 
a  definable  physical  type,  a  local  origin  can  be  postulated;  and  in  the 
other,  the  description  of  Maples  Mills  ware  from  northwestern  Illinois, 
associated  with  the  same  physical  type  as  found  at  the  Robert  Gooden 
site,  which  served  as  the  type  site  of  the  Maples  Mills  Focus,  clearly 
indicates  that  this  group  spread  from  the  northwest,  and  that  the 
Illinois  River  possibly  formed  the  eastern  boundary  of  a  tribal  entity. 

The  Physical  Affiliations  of  the  People  of  the  Oneota  Culture.  Eliza- 
beth   J.    Glenn,   Department   of   Anthropology,   Ball    State   University, 

Muncie,  Indiana  47306. This  report  presents  the  results  of  an  analysis 

of  all  available  data  on  crania  that  could  be  attributed  to  Indians  with 
the  prehistoric  Oneota  culture  of  Minnesota,  Iowa,  and  Wisconsin.  A 
morphological  and  multivariate  discriminant  analysis  revealed  that  this 
population  is  originally  derived  from  a  basically  Lenid  variety,  which 
underwent  some  changes  and  experienced  admixture  of  Dakotid  groups. 
Five  populational  types  can  be  distinguished  on  basis  of  trait  clusters. 

The  Assessment  of  Skeletal  Age  and  Bone  Mineral  Content  in  Older 
Individuals.    Georg  K.  Neumann,  Department  of  Anthropology,  Indiana 

University,  Bloomington  47401. The  physiological  age  of  two  samples 

of  120  adult  male  and  54  adult  female  Indian  Knoll  skeletons  of  the 
Archaic  period  was  assessed  on  the  basis  of  age  changes  in  the  public 
symphysis,  endocranial  suture  closure,  and  attrition  of  teeth  on  scales, 
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which  were  projected  beyond  their  usually  accepted  limits,  and  checked 
against  bone  mineral  content  values  obtained  by  the  photon  absorptiome- 
try L-125  method.  The  values  obtained  by  the  new  standards  were  found 
to  be  highly  correlated  with  both  the  cortical  and  trabecular  bone 
mineral  content  values.  The  results  of  the  study  led  to  a  marked 
upward  revision  of  life  expectancy  for  this  prehistoric  population. 


NOTE 

The  Continued  Excavation  of  Hn-1  Mound  Four  (IAS-BSU).  Myrick 
W.  Pullein,  Roger  J.  Ferguson  and  B.  K.  Swartz,  Jr.,  Department 
of  Anthropology,  Ball  State  University,  Muncie,  Indiana  47306. Ex- 
cavation of  Hn-1  Mound  Four  (IAS-BSU),  a  Middle  Woodland  panduri- 
form  mound,  was  continued  for  the  sixth  consecutive  year  during  the 
1970  Ball  State  University  summer  field  school.  Mound  Four  is  part 
of  a  complex  of  15  mounds  and  earthworks  that  comprise  Hn-1  (IAS- 
BSU),  the  New  Castle  site. 

Mound  Four  is  a  bilobate  mound  that  appears  to  have  originally 
been  two  mounds  in  close  proximity.  It  was  due  to  either  gradual 
erosion  or  filling  that  the  two  mounds  became  one.  An  outer  wall 
and  an  inner  ditch  comprise  the  periphery  of  the  mound.  The  wall 
varies  from  3  to  6  feet  in  height  and  the  ditch  is  of  the  same  depth. 

The  southeast  quadrant  was  selected  for  exploration.  Alternate 
north-south  trenches  were  begun  after  test  pitting  of  the  perimeter 
determined  the  mound  floor.  The  trenching  method  provided  an  ex- 
cellent exposure  of  a  complete  stratigraphic  profile  of  the  site  coordi- 
nates and  it  was  also  an  excellent  control  method. 


Features 

1)  A  ceremonial  platform  that  was  coincident  with  the  surface 
of  the  first  stratigraphic  layer.  This  was  a  dark  and  extremely  compact 
brown  sandy  clay. 

2)  A  multiple  cremation  in  an  extensive  and  deep  ash  lens.  This 
occurred  directly  on  top  of  the  compact  sandy  clay. 

3)  This  was  a  fire  pit  near  Feature  2.  It  contained  animal  bones 
and  charcoal. 

4)  A  fire  pit  also  near  the  ash  lens  that  contained  micro-faunal 
bone  fragments. 

5)  This  was  a  fire  pit  that  contained  animal  bone  and  chert 
flakes. 

6)  Three  pieces  of  charred  wood  were  found  within  the  ash  lens 
that  rested  on  the  compact  sandy  clay  of  Stratum  I.  This  feature  gives 
strong  evidence  of  a  charnel  house. 

7)  This  appeared  to  be  a  cremation  pit  as  human  bone  fragment, 
flint   chips,   and   charcoal   were   in   abundance.    The   pit   was   oval.    The 
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length  of  the  major  axis  was  24  inches,  the  width  of  the  minor  axis 
was  12  inches  and  the  depth  was  a  uniform  3  inches. 

8)  Human  bone  fragments  of  a  maxilla,  a  pelvis,  and  two  femurs 
were  located  near  Feature  7.  The  position  of  the  fragments  strongly 
suggested  an  articulated  burial. 

9)  Two  imitation  wooden  and  copper-covered  bear  canines  and 
a  human  molar  and  a  pre-molar  were  clustered  approximately  26 
inches  from  Feature  8  and  on  top  of  Stratum  I. 

Pottery 

The  most  significant  find  of  the  season  occurred  with  the  discov- 
ering of  the  sherds  of  a  ceremonial  Hopewell  vessel.  This  find  is 
currently  being  reconstructed  and  further  data  is  incomplete.  It  is 
curvelinear  designed  and  extremely  thin. 


OTHER  PAPER  READ 

Southwest  Quadrant,  Mound  Seven,  New  Castle  Site,  Henry  County, 
Indiana,  1970.  Larry  G.  Olson  and  B.  K.  Swartz,  Jr.,  Ball  State 
University,  Muncie,  Indiana  47306. 


A  Preliminary  Report  on  the  Leonard  Site 

Robert  E.  Henn 

Wabash  Archaeological  Society 

Evansville,  Indiana  47712 

Abstract 

The  Leonard  Site,  designated  12-Po-20,  is  located  in  southwest  Posey  County,  less 
than  one  mile  from  the  Wabash  and  Ohio  rivers.  Two  well  known  Mississippian  sites. 
Bone  Bank  and  Murphy,  are  within  two  miles.  Initial  excavations  reveal  both 
Mississippian  and  Woodland  occupations  of  the  Leonard  Site,  with  the  former  pre- 
dominant. Burials  with  grave  goods,  pits  and  post  molds  have  been  observed  in  an 
area  of  the  village  used  primarily  as  a  cemetery.  Excavation  will  continue  in  other 
areas  of  the  site,  with  the  hope  that  materials  recovered  will  further  define  the  late 
prehistory  of  the  region. 

Introduction 

Although  the  contour  of  the  area  surrounding  the  Leonard  Site 
is  relatively  level,  a  slough  forms  a  natural  boundary  along  the 
southwest  perimeter  of  the  site.  With  two  large  rivers  near,  and  a 
rich  variety  of  plant  and  animal  life  present,  prehistoric  peoples 
would  have  found  this  an  attractive  area.  It  still  serves  as  a  feeding 
and  resting  place  for  ducks  and  geese  during  their  passage  in  the 
spring  and  fall.  The  presence  of  cypress  trees  (Taxodium  distichum) 
some  3  miles  northeast  at  Hovey  Lake,  suggests  the  mildness  of  the 
climate. 

Other  prehistoric  sites  within  2  miles  of  the  Leonard  Site  include 
two  large  Mississippian  villages,  generally  known  as  Bone  Bank  and 
Murphy.  The  Bone  Bank  Site  has  been  destroyed  by  river  erosion.  Nu- 
merous, but  smaller,  sites  are  scattered  about  the  general  vicinity.  As 
yet  little  is  known  of  the  relationships  between  these  sites  and  the 
micro-environment  exploited  by  their  inhabitants. 

Exploratory  excavation  of  the  Leonard  Site  began  in  1964,  and  has 
progressed  slowly  as  time  and  assistance  has  been  available.  Work 
has  proceeded  by  clearing  5  and  10  foot  square  units,  with  most  of 
the  fill  being  troweled  as  well  as  sifted.  (Fig.  1).  A  test  trench  near  the 
natural  boundary  of  the  slough  revealed  a  small  debris  pit  containing 
nine  Mississippian  sherds,  and  a  midden  that  increased  in  thickness 
away  from  the  slough. 

A  second  test  trench,  at  right  angles  to  the  first,  uncovered  a 
shallow  firepit.  At  a  depth  of  9  inches,  a  charcoal-strewn  oval,  some 
69  inches  long,  marked  the  shallow  grave  pit  of  an  extended  burial. 

With  more  time  available  in  1969,  the  site  was  surveyed  for  more 
intensive  and  systematic  study.  Some  43  work  units  (5x5  feet) 
were  selected  in  an  area  designated  as  Grid  A.  Excavation  soon 
revealed  9  more  burials.  Four  of  these  appeared  at  21  inches  depth, 
or    considerably    deeper    than    the    others.     Finding    what    appeared    to 
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Figure    1.     Grid  chart  for  Leonard  Site. 


be  two  levels   of  burials,   the   area  of  initial   excavation  was  reopened, 
and  four  lower  level  burials  were  found. 

As  excavation  has  moved  away  from  the  slough,  the  thickness  of 
midden  has  increased  and  frequency  of  burials  has  decreased.  Apparently 
the  living  area  of  the  village  lies  in  this  direction.  Future  excavation 
will  be  concentrated  away  from  the  slough. 


Pits,  Middens,  and  Post-molds 

Seven  fire-pits  have  been  recognized  at  the  Leonard  Site,  all 
of  which  contained  charcoal  and  ash.  Stones  cracked  "in  situ"  by  a 
rapid  change  in  temperature  are  not  in  association.  However,  sporadic 
examples   of   such   have   been   excavated   in   the   site   area.    One  feature 
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(Feature    6)    had    large    amounts    of    burnt    clay    in    context    with    the 
charcoal. 

Shallow  depths  of  5.25  inches  to  10.5  inches  are  apparent  in  5 
of  the  pits.  The  basin  shape  is  predominate,  with  the  exception  of 
Feature  10  which  is  wedge  shaped  with  steep  sides. 

Features  16  and  17  record  what  appears  to  be  a  double  pit.  Being 
bowl  shaped,  the  sides  of  the  upper  pit  are  steep  and  angle  inward. 
Contact  with  a  basin-shaped  lower  pit  was  made  at  the  26-inch  depth. 
The  upper  pit  shows  no  indication  of  being  intrusive  into  the  lower  pit. 

Seventeen  pottery  sherds  and  six  faunal  specimens  were  recovered 
from  the  upper  pit.  The  lower  pit,  with  a  depth  of  6.5  inches,  con- 
tained 4  sherds  and  1  faunal  example.  The  sherds  excavated  from 
both  pits  show  glacial  granite,  and  iron  concretion  tempering. 

Two  debris  pits  (Features  1  and  27)  had  shallow  depths  of  6.25 
inches  and  5.5  inches,  respectively. 

Pit  1  with  a  diameter  of  14.5  inches  was  basin-shaped  and  con- 
tained 16  shell  tempered  pottery  sherds.  Eight  distinct  forms  of  paste 
and  surface  decoration  are  evident.  The  sherds  are  typical  of  Neeley's 
Ferry  Plain,  and  all  three  time  components  at  the  Kincaid  Site. 

Pit  27  measured  13.5  inches  in  diameter.  Nine  examples  of  faunal 
material  (Odocoileus  virginianus),  and  two  smooth  paste,  shell  tem- 
pered sherds  were  present  in  this  pit.  Four  stones  were  also  in  context 
with  materials  recovered. 

No  quantities  of  shell  have  been  observed  so  far.  Some  13  ex- 
amples have  been  recovered,  with  2  of  these  being  artifacts  in  association 
with  burials. 

Eighteen  post-molds  have  been  charted  with  no  apparent  indication 
of  a  structural  pattern. 

Post-molds  (6)  in  Grid  A  are  tapered  to  a  definable  tip  at  the 
base.  Mold  depths  of  6.5  inches  to  13  inches  have  been  recorded.  Sup- 
port material  around  the  posts  is  composed  of  clay  without  the  in- 
clusion of  cultural  debris. 

Molds  in  Grid  B  show  both  tapered  and  blunt  bases.  The  blunt 
base  is  defined  as  a  post  that  has  a  diameter  of  4  inches  but  tapers 
to  2  inches  at  the  bottom.  Support  material  includes  clay,  burnt 
clay,  and  charcoal. 

Pottery 

The  Leonard  Site  has  yielded  577  pottery  sherds.  The  types  of 
tempering  materials  used  in  the  manufacture  of  the  potsherds  are 
listed  in  Table  1.  Sherds  of  shell  tempering  are  17  mm  to  0.8  mm 
in  thickness.  Diameters  of  5.7  mm  to  minute  particles  were  noted 
in  the  crushed  shell.  Paste  colors  range  from  black  to  light  gray,  and 
light  tan  to  salmon. 
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Table  1. 

Number 

of  pottery  sherds  by  tempering 

materials. 

Tempering    of 

Pottery 

Sherds 

Total 

Shell  487 

Glacial      Granite  27 

Sandy    Paste  18 

Clay  14 

Iron    Concretion-Clay  12 

Reground    Sherd  8 

Shell-Sand  5 

Shell-Quartz  3 

Iron    Concretion-Sand  3 


Sherds  having  non-shell  temper  measured  15  mm  to  5  mm  in 
thickness  with  temper  diameters  of  3  mm  to  minute  particles  of  mica. 
Paste  colors  are  buff  to  dirty  orange  with  an  occasional  black. 

The  glacial  granite  used  for  tempering  is  composed  of  Quartz, 
Hornblende,  Biotite  (Mica),  and  Feldspar.  In  this  igneous  rock  there 
appears  a  conflict  of  forming  possibly  due  to  slow  chilling.  The  loose 
crystalline  structure  is  easily  crushed  for  tempering  purposes.  Stones 
of  this  glacial  material  are  readily  available  in  the  Wabash  River 
Valley  and  specimens  have  been  excavated  at  the  Leonard  Site. 

Iron  concretions  used  as  tempering  could  have  been  intentional 
or  accidental.  Every  clay  deposit  contains  a  percentage  of  iron  sulphide. 
When  ground  waters  come  in  contact  with  calcium  in  the  soil  above 
the  clay  strata  a  basic  solution  results.  This  solution  through  absorp- 
tion into  clay  attacks  the  iron  sulphide.  When  evaporation  takes  place 
the  result  is  a  basic  iron  concretion. 

Clay  used  for  pottery  making  at  the  Leonard  Site  has  the  iron 
concretion  in  association.  Perhaps  the  clay  was  used  because  of  the 
composition  or  it  was  used  without  knowledge  of  the  adherring  prop- 
erties of  such. 

Shell  tempering  was  predominant  in  sherds  with  surface  decora- 
tions (Table  2).    Grit  tempering  occurred  only  in  the  cordmarked  sherd. 

An  engraved  sherd  was  in  association  with  Burial  11.  Chippings 
at  the  edges  of  the  geometric  design  indicate  that  engraving  took 
place  after  the  vessel  had  been  fired.  The  sherd  is  typical  of  the 
Moundville  focus  and  is  recorded  as  such.  Materials  of  this  type 
have  been  excavated  at  the  Kincaid  Site  (1). 

Ceramic  Vessels 

Six  pottery  vessels  and  one  trowel  have  been  recovered  from  the 
Leonard  Site.   Special  mention  of  four  vessels  follows. 

Artifact  165  is  a  shell  tempered  vessel  with  punctate  and  incised 
body  decorations.  Eight  flat  strap  handles  are  connected  to  the 
shoulder  and   pinched   flared   rim.    Visual   inspection  of  a  wash   out  at 
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Table  2.     Surface  decorations  of  pottery  sherds. 
Surface   Decorations  Total 


Smooth  489 

Incised  32 

Punctate    (Stick)  9 

Stick    Punctate  and   Incised  5 

Lugs  4 

Nodes  3 

Reed    Brushed  3 

Vertical    Applique    Stripping  2 

Pinched  Rim  2 

Cordmarked 

Punctate     (Reed) 

Nodes    and    Incised 

Engraved 

Strap   Handles    (Flat) 

Strap    Handles    (Projecting    Horns) 

Perforated   for    Suspension 


the   south    edge   of  the   site   revealed   this  vessel.    The   type   matches   a 
variety  found  in  the  Lower  Tallapoosa-Upper  Alabama  River  Valley. 

A  plain  paste,  globular  vessel  was  excavated  in  association  with 
Burial  5.  Four  flat  strap  handles  are  equally  spaced  around  the 
vessel.  Also  in  evidence  is  a  rudimentary  collar  such  as  found  at 
Cahokia  (2). 

Pottery  Vessel  116,  found  in  association  with  Burial  2,  is  shell 
tempered  and  globular.  Two  flat  strap  handles  are  on  opposite  sides 
of  two  lugs.  The  smooth  paste  vessel  has  a  slightly  flared  rim. 
Comparable  types  are  also  found  at  the  Cahokia  complex  (3). 

Vessel  1204  is  similar  to  Jar  23  found  at  the  Kincaid  Site  (1). 
Perforations  on  opposite  sides  are  for  suspension  purposes.  The  flared 
rim  is  pinched.  Shell  tempering  and  smooth  paste  are  noted  with  the 
globular  shape. 

Burials 

Sixteen  primary  Burials  have  been  recorded  at  the  Leonard  Site. 
Burial  10  was  intrusive  into  Feature  16,  and  Burial  13  was  intrusive 
into  Burial  16. 

The  extended  burial  position  was  preferred  by  these  people.  The 
exception  to  this  practice  was  Burial  13  which  was  recovered  in  a 
semi-flexed  position.  Ten  of  the  burials  are  noted  as  facing  east,  or 
a  slight  deviation  of  such. 

Level  1  burials  range  from  8  to  13  inches  deep  while  Level  2 
burials  measure  19  to  21  inches  deep.  The  depth  measurements  were 
taken  from  surface  level  to  the  frontal  area  of  the  skull. 

The  burials  were  seemingly  placed  in  pits.  In  the  shallow  (Level 
1)   burials  these  pits  became  apparent  as  the  horizon  of  culture  debris 
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decreased.  Charcoal,  in  considerable  quantities,  was  found  in  the  fill 
around  the  burials,  but  there  was  no  evidence  of  charring  of  bones. 
The  radiocarbon  date  of  a  charcoal  sample  recovered  from  Level  1, 
(Burial  15),  was  1490  A.D.  (4). 

Level  2  burials  were  in  pits  of  comparable  physical  characteristics, 
however,  11  to  13  inches  of  hard  sterile  clay  was  in  evidence  above 
the  pit  area.  There  was  no  indication  of  a  burial  pit  until  1.5  to  3 
inches  above  the  frontal  area  of  the  skull.  This  peculiar  situation 
resulted  in  the  miscalculation  of  burial  levels  on  the  part  of  the  writer. 

A  headless  burial  (No.  6)  was  recorded  among  the  lower  level 
burials.  Similar  burials  have  been  recorded  at  a  number  of  sites  in 
Illinois.  In  one  instance  at  the  Kincaid  Site,  the  skull  was  found 
wrapped  in  bark,  and  placed  on  a  level  above  the  remainder  of  the 
body.    This  burial  was  found  in  a  mound  dated  pre-1523  A.D.  (1). 

Evidences  of  deformed  crania  due  to  cradleboard  flattening  were 
noted  on  burials  at  Po-20.  Lipping  of  the  lumbar  vertebrae  on  some 
burials  was  also  apparent.  Concentrated  study  of  the  skeletal  materials 
will  undoubtedly  disclose  additional  physical  abnormalities. 

Associated  grave  goods  have  been  found  with  five  Level  1  burials. 
These  burial  offerings  have  diagnostic  traits  of  the  Middle  Mississippian 
cultures.  Four  of  the  burials  were  adult  males  with  the  fifth  being 
an  infant.  Sex  of  the  infant  burial  was  indeterminate  due  to  decom- 
position of  the  skeletal  material. 


Table 


Stone,  shell,  and  bone  traits. 


General  Utility  Tools 

Snub-nose  Scrapers 

Side  Scrapers 

End  Scrapers 

Core  Scraper 

Bi-Facial  Knives 

Flake  Knives 

Choppers 

Shell  Ladle 
Fabricating  and  Processing  Tools 

Straight  Shaft  Drills 

Expanding  Base  Drills 

Flint  Gravers 

Bone  Flaker 

Bone  Awl 

Grooved  Sandstone  Abrader 


Weapons 

Triangular  Shaped  Points 

Leaf  Shaped  Points 

Lanceolate  Shaped  Points 

Side  Notched  Points 

Antler  Point,  Tanged 
Woodworking 

Flint  Chisel 

Granite  Celt 
Digging  or  Agricultural  Implements 

Perforated  Shell  Hoe 
Miscellaneous 

Shredders 

Plummets  (Galena) 

Galena  Chunk   (Edges  Worked) 

Cannel  Coal  Disc 


One  pottery  vessel,  two  galena  plummets,  and  one  knife  blade 
were  in  association  with  Burial  2.  The  vessel  (No.  116)  was  excavated 
12  inches  northwest  of  the  skull  in  an  upright  position.  Plummet  117 
was  found  on  the  sternum.  The  left  radius  region  near  the  wrist 
disclosed  Plummet  118.  Both  plummets  were  fully  grooved  near  the 
base.    A   triangular  grooved  cut  is  visible  in  Plummet  118   suggesting 
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that   the   latter   had   been   ceremonially   "killed."    The   left  hand   held   a 
multi-colored  knife  blade. 

The  infant  burial  (No.  4)  contained  one  trianguloid  shaped  point 
with  a  straight  base  and  convex  blade  edges.  The  point  was  recovered 
from  underneath  the  right  mandible  region. 

The  pottery  vessel  associated  with  Burial  5  was  described  previ- 
ously in  the  paper.  It  was  setting  in  an  upright  position  just  above 
the  right  clavicle. 

Vessel  1204  was  excavated  near  the  parietal  region  of  Burial  10. 
The  mouth  of  the  vessel  was  in  an  angular  position  with  orientation 
being  to  the  southeast. 

A  cache  of  triangular  points  was  noted  near  the  left  pelvic  region 
of  Burial  11.  The  12  points  were  positioned  as  though  a  pouch  was 
at  one  time  surrounding  them.  One  has  a  concave  base,  while  the 
remainder  have  straight  bases.  Materials  from  different  regions  were 
used  in  the  manufacturing  of  these  points.  The  engraved  pottery 
sherd  was  with  this  burial,  along  with  a  shell  hoe,  a  cannel  coal  disc, 
drum  fish  tooth,  and  one  gar  fish  scale.  This  group  of  burial  offerings 
was  found  near  a  humerus. 


Conclusions 

Further  examination  of  the  Leonard  Site  is  necessary  before  any 
substantive  conclusions  can  be  drawn.  An  initial  site  analysis  raises 
questions  of  its  relationship  to  other  Mississippian  sites  in  southwest 
Indiana,  including  Bone  Bank,  Murphy,  Mann,  and  the  Angel  Mound 
Site.  No  extensive  relationship  can  as  yet  be  demonstrated,  but  there 
appear  to  be  some  similarities  with  Illinois  sites.  Further  excavation 
may  answer  these  questions,  as  well  as  that  of  the  relationships  between 
co-existing  Mississippian  and  Woodland  cultures  of  late  prehistoric 
southern  Indiana. 
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Interim  Report  of  the  Daughtery-Monroe  Site: 
An  Allison-LaMotte  Village1 

Robert  A.  Clouse,  John  W.  Richardson  and 
Edward  V.  McMichael,  Department  of  Anthropology, 
Indiana  State  University,  Terre  Haute,  Indiana  47809 

Abstract 

The  Daughtery-Monroe  site  is  located  in  Sullivan  County,  Indiana,  within  one- 
fourth  mile  of  the  Wabash  River.  The  site  is  composed  of  two  components,  with  the 
earlier  being  the  Allison  level  as  determined  by  finds  of  the  Stoner  Complex  ceramic 
series.  Also  pithouse  outlines  were  found  along  with  the  cordmarked  ceramic  type  in 
heavy  concentrations  and  some  Lowe  flared-base  projectile  points.  Overlaying  this 
component  was  the  Late  Woodland  LaMotte  village  with  extremely  heavy  occupation. 
Lowe  points  and  Embarrass  ceramic  series  sherds  were  the  most  diagnostic  and 
common  artifacts  of  this  level.  The  LaMotte  village  is  a  circular  one  with  a  depression 
near  the  center  which  is  believed  to  be  a  plaza  area.  Influence  for  the  flared-base  point 
and  the  ceramic  stamping  tradition  seem  to  stem  from  the  Mann  site  in  Posey  County, 
Indiana,  along  the  Ohio  River,  although  ultimate  influence  comes  from  groups  farther 
to  the  southeast. 

Introduction 

This  report  describes  the  archeological  excavations  carried  out 
during-  the  summer  of  1970  at  the  Daughtery-Monroe  site,  12-Su-13,  in 
Sullivan  County,  Indiana.  Personal  communication  with  Denzil  Stephens, 
an  amateur  archeologist  familiar  with  the  area,  was  the  initial  impetus 
for  the  archeological  testing  done  at  the  site  (4). 

The  work  was  done  by  an  archeological  field  class  at  Indiana 
State  University  and  the  authors.  Thanks  are  due  to  Dr.  William 
Daughtery,  property  owner  of  the  section  of  the  site  excavated. 

The  site  was  chosen  for  a  field  school  because  of  its  accessibility, 
size,  and  availability.  More  specifically  there  is  a  need  for  a  more 
precise  definition  of  the  Woodland  Allison  and  LaMotte  cultures 
which  occur  at  this  site.  During  the  excavation  special  attention 
was  given  to  locating  house  patterns,  and  due  to  the  seeming  com- 
pactness of  the  LaMotte  village,  a  palisade  line  was  also  sought. 

Site  Description 

This  site  is  located  in  the  N.%,  Sec.  21,  T  8N,  R  11 W  in  the 
Fairbanks  Quadrangle.  It  is  located  on  the  second  terrace  of  the 
Wabash  River  in  Sullivan  County,  Indiana,  east  of  Hutsonville,  Illinois, 
and  some  30  miles  south  of  Terre  Haute,  Indiana.  The  center  of  the 
site  is  about  xk  mile  east  of  the  present  Wabash  River  channel.  To 
the  south  of  the  site  there  is  a  very  recent  cut-off  in  the  form  of  a 
semi-circular  ox-bow  lake.  A  relatively  old  cut-off  that  is  now  a  bayou 
is  located  about  1  mile  east.  The  river  possibly  flowed  in  one  of  these 
old  channels  at  the  time  the  site  was  occupied. 


1  In    part,    the    excavations    and    field    school    was    supported    by    a    National    Science 
Foundation     Grant.     Transportation    was    provided    by    Indiana    State    University. 
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Overall,  the  site  is  circular  with  a  depression  near  the  center. 
This  depression  is  10  feet  below  the  top  of  a  circular  ridge  which 
delimits  the  extent  of  the  site.  At  present  a  man-made  flood  control 
levee  covers  the  western  edge  of  the  site.  Although  this  may  impede 
some  excavations,  it  helps  protect  the  majority  of  the  site  from 
flooding.  During  the  past  few  years,  the  site  has  been  in  the  soil 
bank  and  at  present  there  is  a  cover  crop  of  rye.  The  soil  is  sandy 
and  slightly  acidic.  Stephens  (personal  communication)  reported  that 
when  he  saw  the  site  under  cultivation  and  with  no  covering  crop,  he 
could  discern  numerous  circular  dark  areas  near  the  outside  perimeter 
of  the  site.  These  are  probably  large  house  areas  that  had  been 
partially  turned  up  by  the  plow.  The  central  section  has  lighter 
colored  soil  and  is  thought  to  be  a  plaza  area.  This  is  supported 
by  surface  collections  of  the  area  revealing  fewer  cultural  remains 
than  on  other  parts  of  the  site.  Stephens  also  reported  12  or  13 
low  mounds  located  east  and  northeast  of  the  site.  Most  of  this 
area  is  wooded  and  has  much  undergrowth.  None  of  the  mounds  has 
been  tested  to  see  if  it  is  related  to  the  site.  The  site  is  800-1,000 
feet  north-south  by  700-800  feet  east- west.  (This  measurement  may 
be  an  underestimate  since  parts  of  the  West  and  East  edges  of  the 
site  are  covered  with  a  levee  and  trees,  respectively).  The  area  near 
the  site  along  the  first  terrace  could  have  been  excellent  agricultural 
land.  The  trees  in  the  area  offer  a  wide  variety  of  nuts  and  wild 
berries  and  the  area  is  still  a  good  hunting  ground  for  deer. 

Field  Techniques 

Vertical  controls  for  the  site  were  established  by  using  a  sur- 
veyor's transit  and  running  a  line  of  levels  from  the  nearest  benchmark. 
The  vertical  control  point  at  the  site  was  established  at  Datum  A  with 
an  elevation  of  455  feet.  Using  this  elevation  as  a  base,  a  2-foot 
contour  map  was  made  of  that  part  of  the  site  that  was  easily  ac- 
cessible. Horizontal  controls  were  maintained  by  the  establishment 
of  three  datum  points,  two  of  which  are  relatively  permanent.  With 
the  aid  of  these  points  N-S  and  E-W  base  lines  were  laid  out  which 
were  oriented  on  Magnetic  North.  The  point  where  these  two  lines 
intersect  was  designated  0-0  point,  from  which  all  measurements  were 
made  in  setting  up  the  grid  system.  Ten  by  ten  foot  units  were  chosen 
and  were  staked  off  along  the  N-S  base  line  near  the  North  edge  of 
the  village  area  (Fig.  1). 

The  plow  zone,  which  averaged  9  inches  in  depth,  was  removed 
and  the  earth  sifted  for  cultural  materials  which  were  bagged  by 
provenience.  Because  the  previous  work  at  the  site  did  not  show 
any  natural  stratigraphic  levels,  the  work  was  conducted  by  arbitrary 
3  inch  levels.  A  6  inch  balk  was  left  between  each  excavated  unit 
for  vertical  control  in  the  event  that  some  stratigraphic  relationships 
might  be  uncovered.  Each  level,  feature,  and  outstanding  artifact 
were  given  a  separate  field  number.  Each  level  and  all  cultural 
features  were  carefully  troweled,  and  detailed  field  notes  were  kept 
to  discern  all  possible   postmolds   and  their  patterns.    This  was  neces- 
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Figure  1.     Horizontal  plot  of  features  at  12-Su-lS. 
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sary  because  of  the  sandy  soil  and  the  tendency  of  soil  discolorations 
to  bleach  out  over  centuries  of  time.  Complete  photographic  records 
were  also  made. 

Excavations 

A  total  of  800  square  feet  of  excavation  revealed  19  cultural 
features  (Fig-.  1).  Three  of  these  features  were  in  the  earlier  Allison 
component  and  probably  dated  from  0-400  A.D.  The  most  interesting 
and  perhaps  most  important  of  these  features  is  the  outline  of  a 
probable  pit  house  (Feature  19).  This  feature  was  overlain  by  a 
more  recent  LaMotte  refuse  pit.  The  Allison  pit  began  at  a  26- 
inch  depth  and  continued  to  49  inches  below  the  surface.  It  had 
steep-walled  sides  and  a  nearly  level  floor  with  a  slight  central  hump. 
Fourteen  post  molds  which  surrounded  this  half-excavated  struc- 
ture averaged  between  4  and  5  inches  in  diameter.  A  probable  en- 
tryway  was  exposed  along  the  South  edge  of  the  pithouse  where 
the  walls  were  less  steep.  Dimensions  of  the  feature  are:  12  feet 
N-S,  and  9  feet  6  inches  E-W  (only  half  of  the  feature  has  been 
excavated  in  this  direction  and  it  is  estimated  that  the  house  pit 
was  18-19  feet  along  this  axis).  No  internal  features  were  found, 
probably  due  to  the  house  pit  being  used  for  refuse  after  occupation 
had  ceased.  Feature  13  may  have  also  been  a  house  pit,  but  no  specific 
outline  or  postmolds  were  found.  North  of  this  feature  was  a  single 
isolated  human  skull  found  in  a  slightly  darker  area.  It  may  have 
been  purposefully  buried  by  the  Allison  peoples.  The  rest  of  the 
skeleton  may  have  been  destroyed  by  the  acid  soil.  Also  the  area 
where  the  lower  body  parts  might  have  been  found  was  not  excavated. 
There  were  no  grave  goods  associated  with  the  skull. 

Those  areas  that  seem  to  have  been  the  living  floors  outside  of 
the  dwellings  were  relatively  free  of  debris.  Possible  further  excava- 
tion along  the  rise  may  reveal  the  refuse  areas.  The  size  of  the 
Allison  component  is  unclear,  but  it  seems  to  be  concentrated  along 
the  top  of  the  rise.  Cultural  remains  showed  that  the  Allison  level 
ended  in  the  unit  labeled  N20-E10  (with  the  LaMotte  features  11, 
15  and  18  being  intrusive  into  the  floor)  containing  Allison  remains 
(Fig.  1).  Probably  between  the  time  of  the  Allison  occupation  and 
the  later  LaMotte  levels,  there  was  a  period  of  floods  or  aeolian 
deposits,  which  covered  the  top  of  the  rise  with  a  sandy-clay.  This 
fluvial  or  wind  blown  layer  was  noticed  only  toward  the  top  of  the 
rise. 

The  later  LaMotte  occupation  is  characterized  by  intense  occupation, 
as  determined  by  the  size  and  multitude  of  the  pits  found  in  so  small  an 
area.  Sixteen  storage  and /or  refuse  pits  were  uncovered.  Most  of 
these  were  near  the  south  end  of  the  trench.  The  majority  of  the 
features  were  basin-shaped  storage-refuse  pits  ranging  from  3x3 
feet  to  7  x  6  feet  in  their  surface  dimensions  and  all  were  relatively 
shallow  (their  average  depth  was  about  36  inches  B.s.).  A  large 
amount  of  cultural  material  came  from  these  features.  They  were 
extremely   dark   and   organically   rich  in  comparison   to   the   light  sand 


78  Indiana  Academy  of  Science 

matrix  that  surrounded  them.  In  one  instance,  three  pits  overlapped 
one  another  (Features  5,  8,  and  10)  and  after  their  excavation,  the 
series  of  cross-cutting  relationships  was  apparent.  Two  of  the  pits 
(Features  2  and  3)  were  much  deeper  than  the  others  and  were  bell- 
shaped.  Both  pits  were  nearly  3V2  feet  in  diameter  at  the  bottom 
of  the  general  midden  and  constricted  to  a  narrower  neck,  and  then 
opened  into  a  globular  lower  chamber.  Both  were  definitely  storage 
pits. 

There  was  an  abrupt  break  in  the  heavy  LaMotte  occupation 
debris  beginning  in  the  unit  N20-E10,  and  although  there  were  no 
postmolds  that  suggest  there  was  a  palisade,  the  sudden  termination 
of  the  LaMotte  village  features  suggests  that  there  was  some  sort 
of  physical  restraint  surrounding  the  community.  The  LaMotte  features 
trend  along  a  NW-SE  line.  This  trend  fits  with  the  assumption  that 
the  village  is  circular,  since  the  trench  was  cutting  across  the  north- 
eastern edge  of  the  site. 

Although  there  were  no  specific  traces  of  agricultural  activity, 
some  is  suspected  to  support  such  an  intense  occupation.  A  charcoal 
sample  (Sample  No.  RL-84)  submitted  to  Radiocarbon,  Ltd.  (Charles 
Turek,  personal  communication),  from  Feature  4  (a  LaMotte  pit) 
resulted  in  a  date  of  1460  ±  130  years  b.p.  or  a.d.  490(6). 

Discussion  of  Artifacts 
The  Allison  Component 

The  ceramics  of  the  earlier  component  at  the  Daughtery-Monroe 
Site  can  readily  be  classified  as  Stoner  Cordmarked  and  Stoner  Plain 
ware  as  defined  by  Winters  (5).  Tempering  of  the  sherds  is  dominantly 
sand  and  less  frequently  grit.  Lack  of  uniform  firing  causes  oxidation 
of  some  areas  and  reduction  of  other  areas  on  the  same  pot.  In  general 
the  sherds  tend  to  have  a  "sandpaper"  texture,  but  many  were  smooth. 
The  predominant  surface  treatment  encountered  in  the  component  is 
cordmarking,  which  usually  runs  vertical  on  the  vessel  (Table  1). 
Cords  varied  from  loosely  to  tightly  twisted  and  ranged  from  closely 
spaced  to  nearly  4  mm  apart.  Coil  fractures  were  noticed  on  a  few 
sherds.  The  average  thickness  of  a  "random"  sample  of  203  body 
sherds  of  the  Stoner  Cordmarked  variety  was  5.3  mm  with  a  range 
of  3.1  to  8.3  mm. 

The  simple  stamped  sherds  found  associated  with  Allison  mate- 
rials do  not  seem  to  have  been  part  of  the  Allison  component  as 
they  do  not  occur  in  the  lower  levels.  Root  and  animal  action  may 
account  for  their  presence.  Stoner  pottery  was  also  undoubtedly 
mixed  into  the  LaMotte  component  as  the  people  of  this  second  occu- 
pation dug  pits  through  the  Allison  village. 

Decoration  in  the  Stoner  ceramics  was  confined  to  variations  in 
treatment  of  the  lip  and  rim  areas  of  vessels  (Table  2).  A  smoothed 
squared  lip  predominates,  but  variations  do  occur.  The  predominant 
vessel  form  was  a  jar.    Generally  the  neck  is  constricted  and  the  rim 
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Table  1.     Catalog  of  archeological  materials  recovered,  1970. 


Allison  LaMotte 


CERAMIC 
1551   cordmarked  (90%)  4572  simple  stamped  (59.2%) 

88  plain   (5.1%)  2430  cordmarked  (31.5%) 

85  simple  stamped  (4.9%)  603  plain   (7.7'/  ) 

3  "other"   (trace)  112  check  stamped  (1.5%) 

23  "other"   (trace) 

CHIPPED  STONE 
1   Lowe  Flared  projectile  7   Lowe  Flared  projectiles 

1  flake  knife  2  trianguloid  projectiles 

1   thumbnail  scraper  1   diagonally  notched  projectile 

1  worked  piece  2  straight  stemmed  projectiles 

51  chips  and  spalls  6  projectile  fragments 

4  flake  knives 

2  blade  fragments 

3  flake  scrapers 

1  core-chopper 
232  chips  and  spalls 

STONE 

1  pitted  stone  3  single  pitted  stones 

3  bi-pitted  stones 

5  grooved  sandstone  abraders 

2  hammer  stones 
1  metate 

1   igneous  celt 

BONE 

2  cannon  bone  awls                                                      4  cannon  bone  awls 
1  bone  beamer                                                             6  awl  tips 

1   awl  tip  1  split  bone  awl 

1  cut  and  perforated  deer  phalanx  4  turtle  shell  cup  fragments 

379  bone  fragments  1  antler  cylinder 

4  used  antler  tines 
1  bone  needle 

1  cut  and  perforated  deer  phalanx 

1  conical  drilled  object 

5  worked  bone  fragments 
2909  bone  fragments 

OTHER 

1  copper  pin  1  copper  fragment 

2  clay  pipe  fragments  74  carbonized  hickory  nut  shells 
2  carbonized  hickory  nut  hulls  1   carbonized  walnut  shell 

10  mussel  shells  (sample  only)  1  carbonized  pecan  shell 

1   carbonized  grape(?) 
146  mussel  shells   (sample  only) 
1  cannel  coat  fragment 


may  show  a  slight  flare.  Vertical  cordmarkings  may  run  to  the  lip 
or  end  in  the  neck  region  and  the  markings  of  a  few  of  the  rims 
were   oblique   to   the  lip.    In  only  two   instances   did   cordmarkings  run 


parallel  to  the  lip. 
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Table  2.     Surface  treatment  compared  to  lip/rim  treatment,  Allison  Component. 


Interior 

Thinned 

Notched 

Square 

Rounded 

Other1 

Totals 

Cordmarked 

5 

31 

L3 

5 

54 

Plain 

1 

1 

Totals 

5 

32 

13 

5 

55 

1  1  highly  thinned  rim  with  round  lip,  pinched  to  give  it  a  wavy  effect ;  1  with 
vertical  punctates  in  the  lip;  1  flattened  lip  with  cordmarking ;  2  had  flatted  lips  with 
oblique  incisions. 

Aberrant  sherds  within  the  Allison  component  included  two  Hope- 
well Incised  sherds,  one  Naples  Dentate  sherd,  and  a  portion  of  a 
miniature  vessel  which  was  sand  tempered  and  had  a  flattened  lip. 
All  but  the  last  are  probably  trade  sherds. 

The  only  projectile  point  recovered  in  association  with  Stoner 
Ceramics  was  of  a  Lowe  Flared  Base  type  described  by  Winters  (5). 
The  point  was  made  of  blue-gray  "Harrison  County  Flint."  A  flake 
knife  was  of  the  same  material.  Of  the  chips  and  spalls,  slightly  over 
20%  were  of  the  blue-gray  material  (Table  1). 

The  cut  and  perforated  deer  phalanx  had  the  proximal  end  cut 
off  and  ground  smooth.  The  distal  end  of  the  bone  had  a  groove 
worn  into  it  deep  enough  to  reach  the  hollow  center.  This  object 
may  have  been  worn  or  could  have  been  used  in  the  "cup  and  pin 
game"  known  from  historic  groups.  Well  over  half  of  the  bone 
fragments  recovered  were  deer,  but  some  small  mammal,  fish  and 
turkey  bone  were  also  identified  (Table  1). 

Carbonized  hickory  nut  hulls  were  recovered  in  association  with 
Stoner  ceramics.  The  5.8  cm  long  copper  pin  had  a  square  cross- 
section  in  the  shaft  area  and  had  been  ground  to  a  sharp  point  on  one 
end.  The  clay  pipe  fragments  were  parts  of  elbow  pipes  and  were 
temperless  (Table  1). 

The  LaMotte  Component 

Artifacts  associated  with  the  LaMotte  component  of  the  site 
were  more  abundant  than  those  associated  with  the  Allison  com- 
ponent. Ceramics  from  the  later  component  conform  to  the  Embarrass 
Ceramic  Series  as  defined  by  Winters  (5).  The  predominant  surface 
treatment  was  simple  stamping  followed  by  cordmaking,  plain,  and 
check  stamping  (Table  1).  The  tempering  of  the  sherds  was  sand 
and /or  grit  with  sand  predominating.  The  average  thickness  for  the 
group  was  slightly  over  5  mm.  The  average  thickness  of  a  "random" 
sample  of  160  simple  stamped  sherds  was  5.5  mm  with  a  range  of 
2.4  to  10.7  mm.  Lands  ranged  from  1  to  3.6  mm  wide  and  averaged 
2.2  mm.  The  grooves  ranged  from  1.3  to  4.2  mm  and  averaged  2.6 
mm  wide.  Simple  stamping  nearly  always  runs  horizontally  in  this 
group.     Cordmarkings,    in    contrast,    nearly    always    run    vertically    and 
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vary  from  loosely  spaced  at  a  maximum  of  5  mm  apart  to  very  closely 
spaced.  The  cord  also  varies  in  that  the  twists  may  be  tight  or 
loose.  A  sample  of  190  Embarrass  Cordmarked  sherds  had  an  average 
thickness  of  5.0  mm  and  ranged  from  2.8  to  7.7  mm. 

A  comparison  of  Stoner  Cordmarked  and  Embarrass  Cordmarked 
sherds  from  the  site  showed  them  to  be  nearly  identical.  Texture  has 
been  previously  presented  as  a  means  for  the  separation  of  the  two, 
but  analysis  of  samples  of  sherds  from  the  Daughtery-Monroe  site 
showed  that  a  variety  of  surface  textures  occur  in  both. 

Aberrant  sherds  found  associated  with  Embarrass  ceramics  include 
two  Hopewell  Incised  sherds.  Five  cordmarked  sherds  had  trailed 
lines  and  two  of  these  had  reed  impressions  giving  a  zoned  effect. 
Decorated  sherds  have  been  recorded  for  other  LaMotte  sites,  but  are 
rare  (5).   In  general,  decoration  was  confined  to  the  lip. 

Of  particular  interest  are  the  two  temperless  rims  (Table  3). 
Two  similar  rims  were  found  in  the  1969  excavations.  All  of  these 
rims  were  from  miniature  vessels  or  "toy  pots"  and  were  internally 
notched.  One  of  the  1969  specimens  had  small  punctates  on  the  body 
portion,  but  the  others  were  smooth.  Further  work  on  LaMotte  sites 
may  establish  this  as  a  new  pottery  type  within  the  Embarrass  Ceramic 
Series. 

Table  3.     Surface  treatment  compared  to  lip/rim  treatment,  LaMotte  Component. 

Interior  Thinned 

Notched  Square  Rounded  Other  Totals 

61  162 

92  68 

10 

:. 

2 
15  247 

1  Simple  stamped :  2  sherds  vertical  simple  stamping ;  1  with  deep  vertical  punctates 
on  lip  ;  2  notched  vertically  ;  1  with  reed  punctates  in  the  lip. 

2  Cordmarked :  2  sherds  with  oblique  incised  lines  on  flattened  lip ;  5  with  deep 
vertical  notches  probably  made  by  fingernail ;  1  lip  cordmarked  on  flat  surface ;  1 
externally  notched  lip. 

The  predominant  vessel  form  in  both  Embarrass  Cordmarked  and 
Embarrass  Simple  Stamped  from  the  Daughtery-Monroe  Site  was  the 
jar.  The  necks  were  slightly  constricted  and  the  rims  usually  had 
a  slight  flare.  Bowl  forms  also  occurred  and  usually  had  deep  vertical 
notching  of  the  lip. 

Projectile  points  associated  with  the  Embarrass  ceramics  were 
predominantly  the  Lowe  Flared  variety  (Table  1).  Of  the  seven  Lowe 
Flared  projectiles  from  the  excavation  five  were  made  of  the  blue- 
gray  "Harrison  County  Flint"  while  the  other  two  were  made  from 
local    cherts.     The    two    trianguloids    found    are    like    those    found    in 


Simple    stamped 

no 

30 

L5 

Cordmarked 

9 

32 

18 

Plain 

1 

3 

3 

Check    stamped 

■1 

1 

•2 

Temperless 

2 

Totals 

128 

66 

38 
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the  LaMotte  assemblage  from  the  site  in  1969.  The  diagonally  notched 
two  straight  stemmed  points  belong  to  the  Saratoga  Type  Cluster. 
Both  of  these  types  were  denned  by  Winters  (5).  These  Archaic  point 
types  belong  to  the  Cache  Diagonally  Notched  point  type,  and  may 
belong  to  an  earlier  component  of  the  site  disturbed  by  the  digging 
of  refuse  and  storage  pits  or  may  have  been  brought  in  by  LaMotte 
people.  Of  the  chips  and  spalls  recovered  only  10%  were  of  blue- 
gray  chert.  Some  of  the  points  made  of  this  imported  material  had 
been  broken  and  reworked  until  in  some  cases  they  bore  faint  resemblance 
to  their  original  form. 

The  igneous  celt  had  been  pecked  into  shape,  but  ground  smooth 
on  the  bit  end. 

Bone  artifacts  of  interest  include  a  cut  and  perforated  deer 
phalanx  made  in  the  same  manner  as  the  one  from  the  Allison  com- 
ponent (Table  1).  The  bone  needle  was  8.1  cm  long,  had  a  round 
cross-section  for  most  of  its  length,  and  was  flat  at  the  eye-end.  Most  of 
the  awls  were  made  from  deer  cannon  bones  but  one  was  made  from  bird 
bone.  One  of  the  turtle  shell  cup  fragments  was  nearly  complete  and 
another  was  about  half  complete.  The  edges  of  the  carapaces  had  been 
ground  and  the  vertebrae  scraped  out.  Preliminary  identification  of 
the  animal  bone  associated  with  Embarrass  ceramics  include  deer 
(Odocoileus  virginianus),  bob  cat  (Lynx  rnfus),  wild  turkey  (Meleagris 
gallopavo  silvestris),  beaver  (Castor  canadensis),  raccoon  (Procyon 
lotor),  catfish  (Ameihrus  nebulosus),  turtle  (Terrapene  Carolina  and 
other  species).  One  bone  artifact  was  unique.  It  was  a  blunted  cone- 
shaped  object  2.2  cm  long,  basal  diameter  of  0.87  cm  and  tip  diameter 
of  0.5  cm.  The  base  had  been  drilled  leaving  a  cone-shaped  depression 
0.48  cm  in  diameter. 

One  amorphous  copper  sheet  3.5  mm  thick  was  found  in  the  LaMotte 
materials. 

Summary 

During  the  summer  of  1970,  excavations  were  conducted  at  the 
Daughtery-Monroe  site  to  learn  more  of  the  LaMotte  Culture  of  the 
Wabash  Valley.  During  the  course  of  this  work,  the  earlier  Allison 
Culture  was  exposed.  The  LaMotte  village  conformed  to  prior  descrip- 
tions by  Winters  (5),  being  circular  and  situated  on  slopes  of  a  second 
terrace,  adjacent  to  the  Wabash  River.  A  depressed  central  area  was 
devoid  of  cultural  remains  and  presumably  was  a  ceremonial  area. 
The  Allison  occupation,  although  poorly  sampled,  appears  to  be  situ- 
ated on  top  of  a  sandy  rise,  generally  north  of  the  LaMotte  occupation. 

The  earlier  Allison  occupation  yielded  evidence  for  what  seems 
to  be  a  D-shaped  pit  house,  with  postmolds  around  its  perimeter, 
plus  a  few  other  possible  pit-like  features.  Characteristic  artifacts 
were  Stoner  series  pottery,  dominated  by  cordmarked  surfaces  and 
sandy  paste  and  a  single  example  of  a  Lowe  projectile  point.  Artifact 
forms  which  can  be  added  to  the  Allison  Complex  include:  bone  beam- 
ers,  cut  and  perforated  deer  phalanges,  and  copper  pins. 
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The  LaMotte  component  on  the  other  hand  was  marked  by  many 
storage  and/or  refuse  pits  of  several  types,  usually  productive  of 
many  artifacts  and  other  cultural  debris.  While  certainly  house  struc- 
tures must  have  been  present,  no  direct  evidence  was  found.  Also, 
evidence  for  a  suspected  palisade  was  not  found.  Simple  stamped  pot- 
tery of  the  Embarrass  Ceramic  series  was  the  dominant  ceramic  surface 
treatment,  and  Lowe  projectile  points,  plus  a  few  triangular  projectile 
points  are  characteristic  forms.  Additional  traits  which  can  be  added 
to  the  LaMotte  Culture  include:  turtle  shell  cups,  cut  and  perforated 
deer  phalanges,  bone  awls,  antler  cylinders,  and  conical  drilled  objects. 

There  is  an  obvious  close  relationship  between  these  two  cultures, 
mainly  in  ceramics.  In  LaMotte,  simple  and  check  stamped  pottery 
appear  in  the  area,  with  simple  stamped  the  dominant  surface  finish. 
This  and  the  addition  late  in  the  LaMotte  sequence  of  triangular  points 
are  about  the  only  distinctions  between  these  highly  similar  cultures 
of  the  middle  to  late  Woodland  of  the  Wabash  Valley. 

The  source  of  the  innovations  in  LaMotte  can  probably  be  traced 
most  directly  to  the  Mann  site  in  Posey  County,  Indiana  (1)  and  less 
directly,  but  rather  certainly,  to  the  southeastern  states  of  the  United 
States,  especially  centering  in  Georgia.  A  study  by  one  of  the  authors 
confirms  this  (3).  Further  work  will  be  conducted  at  this  site. 
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Abstract 

The  physical  anthropologist  has  at  his  disposal  a  technique  for  determining  bone 
mineral  content  called  Photon  Absorptiometry.  Unlike  previous  methods  involving 
X-rays,  which  are  subject  to  substantial  error,  or  sectioning  the  long  bones  and 
measuring  the  thickness  or  cortical  tissue  with  a  pair  of  calipers,  which  is  not  an 
accurate  measure  of  bone  mineral  content  and  disregards  loss  of  trabecular  bone, 
this  new  method  provides  a  more  accurate  measure  of  what  the  researcher  hopes  to 
measure,  osteoporosis.  Also,  this  technique  allows  more  direct  comparisons  of  popu- 
lations representative  of  both  the  temporal  and  spatial  dimensions.  The  application  of 
photon  absorptiometry  to  prehistoric  skeletal  material  introduces  a  means  of  control 
over  variables  which  are  difficult  to  achieve  in  the  study  of  osteoporosis  in  modern 
populations.    Therefore,    new    insights    may    result   from    this    type    of    approach. 

"Medicine  is  replete  with  disorders  that  are  poorly  understood, 
but  few  have  been  as  elusive  to  define  as  the  age-associated  reduction 
in  bone  mass  which  so  commonly  occurs  in  women  beyond  middle 
life     .     .     ."  (12). 

The  osteological  condition  to  which  reference  is  made  here  is 
osteoporosis.  This  condition,  as  the  name  implies,  is  one  in  which 
bone  becomes  less  dense  or  more  porous.  Albright  et  al.  (1)  were  the 
first  to  define  the  term  when  they  stated,  "Adult  bone  is  normally 
subject  to  two  continuous  processes — formation  and  reduction.  The 
mass  of  bone  may  be  deficient  either  because  resorption  is  too  great 
(hyperparathyroidism  with  osteitis  fibrosa  generalista)  or  because  for- 
mation is  too  little  (osteoporosis,  or  osteomalacia).  Formation  of  bone 
may  be  too  little,  furthermore,  either  because  the  osteoblasts  do  not 
lay  down  sufficient  osseous  matrix  or  because  the  matrix,  once  laid 
down,  is  not  calcified.  The  former  condition  is  osteoporosis;  the  latter, 
osteomalacia  or  rickets."  In  modern  terms,  however,  Albright's  state- 
ment that  reduced  bone  formation  is  responsible  for  gerontal  de-minerali- 
zation is  not  tenable.  Between  age  30  and  40  the  activity  levels  of 
formation  and  reduction  are  generally  well  balanced,  while  after  40 
the  rate  of  endosteal  resorption  exceeds  periosteal  apposition  of  bone. 

The  cause  of  this  bone  pathology  as  indicated  by  the  previous 
statement  by  Schwartz  (12)  is  varied.  The  literature  on  the  subject 
contains  several  documented  and  generally  accepted  causes  for  this 
condition.  Osteoporosis  is  accepted  as  a  result  of  the  aging  process 
and  may  contribute  to  the  high  frequency  of  bone  fractures  in  older 
individuals.  Other  data  indicate  hormonal  influences  on  its  onset 
and  development.  This  conclusion  stems  primarily  from  observed  differ- 
ences in  the  degree  of  bone  loss  between  males  and  females,  par- 
ticularly post-menopausal  women.    Racial  differences  have  been  reported 
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which  suggest  genetic  factors  being  involved.    Still  other  data  indicate 
the  effects  of  nutrition  on  the  appearance  of  osteoporosis  (8,9,11,12). 

As  a  result,  no  single  definitive  explanation  for  the  cause  of  osteo- 
porosis has  been  put  forward.  This  paper  suggests  a  means  of  con- 
trolling a  number  of  variables  to  a  degree  heretofore  not  possible  so 
that  the  relationship  between  this  disease  and  the  aging  process  can 
be  further  documented. 

There  are  primarily  two  methods  of  measuring  bone  loss  in  vivo. 
The  first  involves  the  use  of  standard  X-ray  equipment  where  the  results 
are  common  roentgenograms.  This  method  of  measuring  bone  mineral 
content  is  based  upon  the  transmission  of  photon  beams  through  bone 
as  reflected  by  densitometer  measurements  of  X-ray  films.  This  tech- 
nique has  been  criticized  for  lack  of  standardization  in  that  it  is 
difficult  to  maintain  a  standard  distance  between  the  subject  and  film 
at  moment  of  exposure  while  also  allowing  errors  resulting  from  the 
variability  of  X-ray  films,  and  the  method  of  their  development.  The 
results  of  this  manner  of  measurement  are  correlations  between  de- 
creased mineralization  and:  a  general  increased  translucency  or  radio- 
lucency;  irregular  areas  of  decreased  density  in  trabecular  bone; 
thinning  of  the  cortex  with  the  appearance  of  lamellae  and  an  overall 
ground  glass-like  appearance  (7,  10).  On  the  other  hand,  "Absence 
of  these  signs  does  not  preclude  the  presence  of  reduced  mineralization 
as  the  reduction  must  be  appreciable  before  such  changes  are  evident 
in  standard  roentgenographs"  (2).  Lachmann  and  Whelan  (7),  after 
examining  serial  roentgenograms  of  bones  with  known  amounts  of 
de-calcification,  which  was  achieved  artificially,  found  that  under  very 
favorable  circumstances  can  de-calcification  under  20%  be  diagnosed. 
In  most  bones  the  calcium  loss,  to  be  visible,  must  be  in  the  vicinity 
of  from  20  to  40%.  Sante  (10)  suggests  that  evidence  for  de-minerali- 
zation must  exceed  30%  before  it  can  be  made  apparent  in  roentgeno- 
grams. 

The  second  technique  is  that  of  photon  absorptiometry.  This 
method  was  first  employed  by  Cameron  and  Sorenson  (3)  and  more 
recently  by  Johnston  et  al.  (6).  A  diagram  of  the  necessary  equip- 
ment is  shown  in  Figure  1.  The  procedure  entails  the  use  of  a  mono- 
chromatic photon  source;  in  this  case,  resin  beads  have  been  exposed 
to  radio-active  iodine  (Ii2^)  and  then  placed  in  a  hole  at  the  lower 
arm  of  the  apparatus.  The  hole  is  designed  to  direct  the  photon  beam 
with  little  or  no  dispersion  of  energy.  The  source  is  then  covered 
with  tin  foil  which  serves  to  filter  all  but  the  desired  energy  level 
of  27.3  kev.  The  energy  or  incipient  photons,  known  better  as  gamma 
rays,  are  directed  through  the  specimen  and  strike  a  sodium  iodide  crys- 
tal at  the  detector,  and  cause  the  release  of  an  electron.  The  result  of 
the  released  electron  is  a  flash  of  light  which  is  then  counted  by  the 
detector.  The  number  of  flashes  which  vary  with  bone  density  are 
then  passed  to  a  photo-multiplier  or  amplifier  which  transfers  the 
data  visually  to  an  oscilloscope  and  to  a  channel  in  the  machine's 
memory  to  be  processed  later  and  transferred  to  paper  tape  for  com- 
puter use. 
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FIGURE  1.     Diagrammatic    sketch    of    the    apparatus    for    determining    bone    mineral    con- 
tent in  Photon  Absorptiometry. 


For  purposes  of  standardization  the  same  bone  is  measured  in 
each  patient,  in  this  case  the  radius,  either  left  or  right  as  long:  as 
consistency  prevails.  The  forearm  is  then  placed  in  a  water  bath 
whose  volume  is  maintained  at  a  constant  level  by  the  use  of  a 
baffle.  This  standard  water  volume  allows  less  error  due  to  differ- 
ences in  integumental  thickness  (soft  parts  of  forearm).  In  this 
manner,  bone  mineral  content  is  the  only  thing  being  measured.  Also, 
for  purposes  of  standardization  the  source  and  detector  pass  by  the 
specimen  at  a  constant  rate  of  1  mm  per  sec,  while  the  forearm  is 
held  immobile  by  the  use  of  clamps.  The  site  of  the  reading  is  also 
constant.  Four  readings  are  taken  at  each  of  two  sites.  One  site  is 
1/10  the  length  of  the  radius  proximal  to  the  styloid  process.  This 
site  serves  to  measure  the  loss  of  trabecular  bone  while  the  second 
site,  1/3  proximal  to  the  styloid  process,  serves  to  measure  cortical 
bone.  Each  of  the  four  scans  at  one  site  are  stored  within  the  memory 
of    the    scanner    and    averaged.     There    exists    within    the    scanner    100 
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positions  of  memory  per  scan  or  the  equivalent  of  400  positions  per 
site.  The  average  is  released  for  transfer  to  paper  tape  along-  with 
other  pertinent  information  such  as  age,  sex,  race,  etc.,  of  the  individual 
being  examined. 

The  measure  of  bone  mineral  content  appears  as  a  curve  on  the 
oscilloscope  (Fig.  2).  The  curve  height  can  be  aligned  by  changing 
a  setting  on  the  machine.  A  dip  at  the  apex  of  the  curve  denotes  the 
measurement  over  the  medulary  cavity.  The  beginning  and  ending 
of  the  curve  are  calculated  by  a  15%  deviation  from  the  reading  over 
water.  Measurement  below  the  temporary  mean  baseline  of  0.85  is 
arbitrarily  considered  to  be  measurement  over  bone.  In  this  manner 
the  width  of  the  bone  can  be  determined.  Also,  the  area  within  the 
curve  is  proportional  to  the  amount  of  bone  mineral  per  unit  length 
of  the  reading. 
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Figure  2.     Schematic    representation    of    a    single    scan    across    a    radius    measuring    bone 
mineral  content  in  Photon  Absorptiometry. 


The    final    stage    is   that   of   removing   the   paper   tape    to    an    area 
for  a  computer  analysis  (3,  6). 

There  are  basically  three  techniques  for  measuring  bone  density  of 
in  vitro  material.    The  first  is  the  use  of  roentgenograms  just  as  those 
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used  in  vivo  and  with  the  same  limitations.  The  second  is  an  amended 
version  of  photon  absorptiometry  in  that  it  is  necessary  to  drill  a 
hole  into  the  medulary  cavity  of  the  bone.  This  is  to  allow  water  to 
fill  this  area  which  would  be  filled  by  soft  tissue  in  living  specimens. 

The  third  technique  is  that  employed  by  Van  Gerven  et  al.  (13) 
and  Dewey  et  al.  (5)  which  involves  the  cross  sectioning  of  bone  and 
the  measurement  of  cortical  thickness  with  vernier  sliding  calipers 
at  a  number  of  locations  believed  to  be  important  for  diagnostic 
purposes.  This  method  lacks  the  sensitivity  to  measure  bone  density 
at  sites  characterized  by  trabecular  tissue.  Even  the  proponents  of 
this  method  suggest,  "that  it  may  not  be  possible  to  assume  that 
cortical  thinning  results  in  a  decrease  in  cortical  tissue"    (13). 

Any  study  concerned  with  bone  density  of  skeletal  material  recov- 
ered from  archaeological  sites  has  certain  disadvantages.  The  first  of 
two  important  problems  encountered  is  the  size  and  representativeness 
of  the  sample.  The  second  is  the  state  of  preservation  of  the  material. 
Cook  and  Heizer  (4)  clarify  this  second  problem  by  stating,  "The 
degree  of  variability  of  a  series  of  bones  taken  from  within  a  single 
site  appears  to  be  somewhat  depending  upon  certain  broad  factors. 
Among  these  is  geographical  location  of  the  site.  .  .  .  Local  soil 
differences  are  random  in  occurrence,  or  at  least  are  unknown  to  and 
uncontrollable  by  the  investigator.  Hence,  as  far  as  we  can  perceive 
at  present,  they  cannot  be  avoided  or  predicted  in  advance  of  any 
analysis  of  chemical  bone  constituents."  Therefore,  it  becomes  the 
problem  of  the  archaeologist  to  help  collect  data  concerning  the 
conditions  contributing  to  the  leaching  process  in  the  area  of  the 
site  by  describing  amounts  and  conditions  of  ground  water  which  help 
to  dissolve  and  transport  organic  mineral  substance.  It  is  necessary 
to  measure  soil  acidity  at  different  locations  on  the  site  and  at 
different  levels.  The  physical  anthropologist  is  then  faced  with  the 
problem  of  interpreting  this  information  in  his  selection  of  specimens 
for  study. 

The  benefits  from  studying  prehistoric  skeletal  material  far  out- 
weigh the  disadvantages.  Prehistoric  populations  offer  certain  controls 
over  variables  which  the  investigator  of  bone  mineral  content  in 
modern  populations  has  difficulty  in  achieving.  Perhaps  the  most 
significant  is  the  fact  that  one  may  be  able  to  delimit  Mendelian 
populations  and  thus  deal  with  genetic  isolates  in  contrast  to  modern 
highly  hybridized  groups.  Also,  environmental  stress  factors  can  be 
assumed  to  be  more  uniformly  distributed  over  the  members  of  the 
population.  As  with  clinical  populations  the  hormonal  variable  can 
at  least  be  partially  controlled  in  prehistoric  groups  by  selecting  either 
males  or  females  for  study.  The  result  of  this  technique  is  that  it 
allows  the  researcher  to  concern  himself  to  a  greater  degree  with 
the  relationship  of  osteoporosis  with  the  aging  process. 
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Osteoporotic  Bone  Loss  in  an  Illinois  Hopewell  Population 

Anthony  J.  Perzigian 
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Abstract 

The  effects  of  the  aging  process  on  the  human  skeleton  were  studied.  Intact  radii 
from  males  and  females  ranging  in  age  from  20  to  70  years  were  sampled  from  an 
Illinois  Hopewell  site.  The  bone  mineral  content  of  each  radius  was  measured  at 
two  sites  by  a  photon  absorptiometry  method.  Both  males  and  females  exhibited 
osteoporotic  bone  loss  as  was  shown  when  bone  mineral  was  plotted  against  age 
yielding  negative  slopes.  Regression  slope  coefficients  were  larger  for  males,  though 
not  significantly  so  statistically.  Trabecular  bone  loss  was  greater  than  cortical  loss 
for  both  males  and  females.  In  modern  populations  females  usually  suffer  greater 
bone  loss,  and  trabecular  tissue,  as  opposed  to  cortical  tissue,  exhibits  greater  loss 
with  age.  The  Illinois  Hopewell  population  investigated  here  resembles  modern  popu- 
lations in  osteoporotic  processes. 

This  study  focuses  on  the  results  of  the  aging  process  in  a 
Classic  Illinois  Hopewell  population.  The  skeletal  materials  represent 
burials  found  at  the  Klunk  site  in  Calhoun  County,  Illinois.  This  is 
the  largest  sample  of  an  Illinois  Hopewell  population  in  existence 
(2).  Adult  Hopewellians,  like  modern  individuals,  experienced  with 
aging  a  gradual  rarefaction  of  bone,  i.e.,  osteoporosis.  This  disease 
or  disorder  evidences  itself  as  a  softening  and  increased  radiolucency 
of  bone  due  to  a  loss  of  bone  mineral.  Some  authors  attribute  the 
ubiquity  of  osteoporosis  as  a  normal  concomitant  of  aging.  Others, 
recognizing  extreme  degrees  of  bone  degeneration  in  presenile  and 
senile  individuals,  consider  osteoporosis  to  be  a  pathology.  A  cross- 
sectional  study  was  undertaken  on  the  Hopewellian  skeletal  population 
to  describe  age-associated  changes  in  the  radius  and  to  compare  the 
results  with  those  from  modern  populations. 

Materials  and  Methods 

Only  well-preserved,  intact  radii  were  used.  The  sample  had 
45  males  and  40  females  ranging  in  physiological  age  from  20  to 
70.  Radii  which  displayed  any  pathology  were  not  used.  The  bone 
mineral  content  of  each  radius  was  consistently  measured  at  two 
sites:  a  cortical  or  compact  bone  site  at  a  point  Vs  the  shaft  length 
as  measured  from  the  styloid  process  and  a  trabecular  or  spongy 
bone  site,  at  a  point  A  the  distance  from  the  styloid  process.  A 
photon  absorptiometric  technique  developed  by  Cameron  (1)  was  em- 
ployed to  measure  the  bone  mineral  content.  A  monoenergetic  photon 
beam  from  a  low  energy  radionuclide,  Iodine-125,  was  passed  across 
the  width  of  the  bone.  Changes  of  transmittance,  which  are  directly 
proportional  to  the  bone  mineral  mass  in  the  scan  path,  were  measured 
with  a  scintillation  detector-pulse  height  analyzer  system  (3).  Data 
from  each  scan  or  measurement  were  transferred  to  paper  tape  by 
means    of   an    eight   channel    Tally    Paper   Tape    Punch.     An   IBM    Tape 
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to  Card  Converter,  Model  047,  transferred  the  data  to  the  regular  80 
column  cards.  All  calculations  and  statistical  analyses  were  performed 
by  an  IBM  Digital  Computer,  Model  7040. 

Results 

The  dependent  variable  in  this  study  is  the  bone  mineral  content 
(BMC)  of  the  radius,  and  the  independent  variables  are  age  and 
width  of  bone  at  the  site  of  measurement.  For  each  sex,  the  BMC 
of  both  the  cortical  and  trabecular  sites  was  plotted  against  age. 
Linear  regression  equations  were  calculated  for  each  plot.  The  F-test 
or  analysis-of-variance  established  that  each  regression  of  BMC  on 
age  was  significantly  linear.  The  regression  slope  coefficients  in  each 
case  were  negative  indicating  a  progressive  loss  of  bone  mineral  with 
age  in  both  trabecular  and  cortical  tissues  of  the  male  and  female 
Hopewellian  radii. 

In  modern  populations  trabecular  mineral  loss  is  greater  than 
cortical  loss  (3).  The  popular  t-test  was  used  to  compare  the  trabecular 
and  cortical  regression  slope  coefficients.  In  both  males  and  females 
no  statistically  significant  difference  was  found;  however,  for  both 
sexes  the  trabecular  coefficient  was  larger  (more  negative)  than  the 
cortical  coefficient.  This  points  to  the  similarity  in  aging  patterns 
between  modern  and  prehistoric  populations. 

Most  clinical  studies  report  that  post-menopausal  women  experi- 
ence the  highest  rates  of  osteoporotic  bone  loss.  Males  do  not  normally 
begin  losing  bone  until  well  into  their  seventh  decade.  The  trabecular 
and  cortical  plots  did  not  show  an  accelerated  rate  of  loss  among 
the  older  females  since  the  total  sample  is  probably  too  small.  When 
the  regression  coefficients  of  the  males  are  compared  to  those  of  the 
females  by  means  of  a  t-test,  no  significant  difference  was  found. 
Surprisingly,  however,  the  male  cortical  and  trabecular  slope  coeffi- 
cients were  larger  (more  negative)  than  the  female  coefficients,  indi- 
cating that,  for  this  one  sample,  males  had  lost  slightly  more  bone 
with  age  than  females.  This  departure  from  modern  standards  may 
be  due  to  inherent  limitations  imposed  by  any  archaeological  sample. 

Discussion 

The  employment  of  archaeological  samples  rs  media  for  bone 
biodynamic  investigation  introduces  certain  limitations  which  should 
be  mentioned.  For  example,  adequate  sampling  may  be  made  difficult 
by  certain  cultural  practices.  The  mound  burial  customs  of  the  Hope- 
well culture  are  well  known  to  students  of  North  American  prehistory. 
The  most  elaborate  burials  in  the  mounds  were  the  log  tombs  which 
may  have  been  lined  with  fabrics.  Perino  (5)  indicates  the  possi- 
bility that  social  position  may  have  dictated  the  place  and  type 
of  one's  interment.  This  may  suggest  the  possibility  that  occupants 
of  the  tombs  may  have  been  a  privileged  class,  which  enjoyed  a 
better  diet,  better  shelter  and  better  medicinal  care  attendant  with 
their    rank.     These    are    important    variables    since    diet    and    life    style 
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may  affect  the  aging  process.  Also,  the  possibility  exists  that  certain 
illnesses  may  have  plagued  prehistoric  populations  and  that  those 
individuals  who  were  afflicted  required  post-mortem  isolation  and  were 
interred  in  log  tombs  or  graves.  These  illnesses  may  have  interfered 
with  bone  metabolism. 

Stewart  (6)  emphasizes  that  the  existence  of  skeletons  means 
possible  death  by  some  pathology,  which  could  seriously  skew  data 
on  aging  changes.  For  example,  a  cross-sectional  biodynamic  study 
conducted  on  a  skeletal  population  may  not  reflect  actual  trends,  for 
those  skeletons  aged  30  at  time  of  death  may  not  represent  those 
healthy  30-year  olds  who  lived  to  be  40  or  50.  This  study  concerns 
itself  specifically  with  the  effects  of  aging  on  skeletal  density.  How- 
ever, a  variety  of  pathoses  may  look  the  same  in  a  skeleton  such 
that  some  rarefying  disease  may  be  mistaken  for  the  aging  process. 
Morse  (4)  mentions  the  pluricausality  of  osteoporosis  other  than 
by  aging  such  as  disuse,  malnutrition  (protein  deficiency),  endocrine 
imbalance,  anemia  and  any  chronic  or  debilitating  disease  that  may 
result  in  reduced  physical  activity.  Since  no  medical  history  is  avail- 
able for  the  sampled  individuals,  the  investigator  is  forced  to  treat 
all  materials  equally  except  where  gross  or  recognizable  pathology 
exists. 

Life  expectancy  in  aboriginal  America  was  significantly  shorter 
than  it  is  today.  Not  surprisingly,  archaeological  samples  have  pro- 
portionately fewer  individuals  of  advanced  age.  It  is  especially  difficult 
to  discover  aging  trends  in  the  fifth  and  sixth  decades.  Compounding 
the  sampling  problem,  too,  is  the  very  process  under  investigation. 
With  advanced  aging,  skeletons  become  progressively  de-mineralized 
and  structurally  weakened.  One  might  reasonably  hypothesize  that  the 
older  the  individual  is  at  the  time  of  death  the  poorer  the  state  of 
preservation  with  all  things  being  equal. 

The  advantages  of  using  archaeological  samples  do  outweigh  the 
limitations.  If  strict  care  is  taken  during  excavation  and  cultural 
association  is  established,  skeletal  populations  provide  investigators 
homogeneous  samples  to  work  with.  Clinical  investigations  of  age- 
associated  pathologies  in  modern  populations  are  made  difficult  for 
it  is  virtually  impossible  to  simultaneously  control  for  diet,  occupa- 
tion, social  class  much  less  for  genetic  background.  With  the  archaeo- 
logical sample  one  is  provided  a  breeding  population  that  has  inhabited 
an  area  possibly  for  centuries  and  therefore  represents  a  genetic 
and  cultural  continuum  through  time.  Each  individual  in  the  population 
was  influenced  by  his  environment  in  essentially  the  same  way.  In 
aboriginal  America,  dietary  and  occupational  variety  was  severely  re- 
stricted. With  two  or  more  skeletal  populations,  each  genetically  and 
culturally  homogeneous,  one  can  measure  a  certain  variable  such  as 
bone  mineral  content  and  attribute  any  population  differences  to  in- 
dependent variables  such  as  ecological  factors  or  genetics. 
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Conclusions 


1)  An  Illinois  Hopewell  population  has  been  shown  to  have  age- 
associated  osteoporotic  tendencies  similar  to  those  of  modern  popu- 
lations. The  rate  of  mineral  loss  in  the  radii  was  greater  in  trabecular 
bone  than  in  cortical  bone,  and  males  evidenced  slightly  more  mineral 
loss  with  age  than  females. 

2)  Certain  limitations  are  everpresent  when  studying  an  archaeo- 
logical sample.  Apparent  aging  differences  between  Hopewell  and 
modern  populations  may  be  explained  by  these  limitations. 

3)  Archaeological  samples  provide  investigators  unique  opportuni- 
ties to  investigate  the  biodynamics  of  skeletal  aging. 
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ABSTRACTS 
Long  Term  Chlorophyll  Fluctuation  in  an  Evergreen — Juniperus  virginiana. 

William  J.  Brett  and  Arthur  C.  Singer,  Department  of  Life  Sciences, 
Indiana  State  University,  Terre  Haute  47809,  and  Wyeth  Laboratories, 
Philadelphia,  Pennsylvania. A  single  mature  juniper  plant,  main- 
tained under  normal  changing  environmental  conditions,  was  utilized 
in  this  study.  The  chlorophyll  a  and  b  concentrations  of  a  gram  of 
leaf  matter  were  determined  weekly  over  a  2-year  period  (November 
1967  to  October  1969).  Chlorophyll  was  extracted  in  80%  (v/v) 
acetone  and  concentration  determined  spectrophotometrically.  A  multi- 
ple regression  analysis  was  performed  to  determine  relationships  be- 
tween chlorophyll  a  and  b  concentrations  and  temperature,  precipitation, 
cloud  cover  and  dry  weight  (second  year  only). 

A  positive  correlation  of  0.987* *  was  found  between  chlorophyll 
a  and  b  concentrations.  Chlorophyll  showed  a  negative  regression 
association  with  temperature  significant  at  the  5%  level  for  the  2 
years  of  data  and  significant  at  the  lr/r  level  for  the  second  year 
of  data.  A  positive  regression  between  chlorophyll  b  and  precipitation 
significant  at  the  5%  level  was  determined  for  the  second  year's 
data,  but  the  regression  of  chlorophyll  a  on  precipitation  did  not 
prove  significant  at  this  level.  A  positive  regression  relationship  be- 
tween dry  weight  and  chlorophyll  a::::;:  and  chlorophyll  b*  was  found. 
Comparison  of  the  mean  monthly  values  for  total  chlorophyll  con- 
centration for  each  of  the  2  years  showed  similar  fluctuations  for 
the  period  April  through  October,  but  almost  reverse  fluctuations 
from  November  through  March.  The  data  for  November  1968  through 
October  1969  showed  a  high  in  February  falling  to  a  low  in  July  fol- 
lowed by  a  rapid  increase  during  the  rest  of  the  year.  The  data  for 
November  1967  through  October  1968  differed  by  exhibiting  a  low 
in  March  and  a  high  in  April.  There  was  some  suggestion  that  the 
difference  in  the  product  of  day  length  and  sky  cover  during  the 
winter  months  for  the  2  years  may  partially  explain  these  changes. 
(**  =  significant  at  the  1%  level;  *  =  significant  at  the  5%  level) 

Philodendron  Leaves  from  Eocene  Sediments  in  Tennessee.  Charles  P. 
Daghlian  and  David  L.  Dilcher,  Department  of  Botany,  Indiana  Uni- 
versity, Bloomington  47401. Two  clay  pits  in  Henry  County,  Tennes- 
see, have  yielded  several  fragments  of  large  Philodendron  leaves.  The 
leaf  fossils  in  these  pits  are  in  clay  sediments  of  middle  Eocene  age. 
Numerous  fragments  and  a  few  larger  pieces  of  leaves  have  been 
found  in  which  the  cuticle  and  fine  venation  are  well  preserved.  From 
these  remains  we  have  been  able  to  relate  this  fossil  material  to  the 
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genus  Philodendron  and  suggest  its  affinities  with  the  section  Mecono- 
stigma  which  is  now  restricted  to  subtropical  areas  in  South  America. 
This  is  the  first  fossil  record  of  the  genus  in  the  western  hemisphere 
and  suggests  a  long  history  of  evolution  of  the  genus  Philodendron 
and  family  Araceae. 

Puccinia  berberidis-trifoliae,  a  Species  Correlated  with  P.  graminis.    JOE  F. 

Hennen,  Department  of  Botany  and  Plant  Pathology,  Purdue  University, 

Lafayette,     Indiana     47907. Puccinia     berberidis-trifoliae     Diet,     and 

Holw.  is  a  microcyclic  rust  fungus  (Uredinales)  from  Mexico  and 
Guatemala.  It  is  parasitic  on  species  of  Mahonia.  An  hypothesis  was 
presented  that  it  is  derived  from  a  macrocyclic  species,  P.  graminis 
Pers.,  following  Tranzschel's  law. 

Interaction  of  V erticillium  albo-atrum  and  Pratylenchus  penetrans  under 
Controlled  Inoculum  Densities.  J.  J.  Conroy  and  R.  J.  Green,  Jr., 
Department  of  Botany  and  Plant  Pathology,  Purdue  University,  Lafay- 
ette, Indiana  47907. The  synergistic  relationship  between  Verticil- 
Hum  spp.  and  the  root  lesion  nematode  Pratylenchus  spp.  has  been 
demonstrated.  The  influence  of  Pratylenchus  penetrans  on  infection 
levels  of  Verticillium  albo-atrum  on  tomato  var.  'Bonny  Best'  under 
critically  controlled  inoculum  densities  of  the  fungus  and  controlled 
environmental  conditions  was  considered.  Levels  of  infection  of  V. 
albo-atrum  on  tomato  plants  were  correlated  with  critically  controlled 
inoculum  densities.  Infection  levels  of  100  per  cent  occurred  at  the 
inoculum  density  of  200  propagules  per  gram  soil  and  infection  levels 
were  progressively  lower  at  inoculum  densities  of  100,  75,  50  and  25 
propagules  per  gram.  Consistent  increases  in  infection  were  found 
at  all  inoculum  densities  in  the  presence  of  the  nematode  compared 
to  infection  with  the  fungus  alone.  The  influence  of  infection  of 
roots  by  V.  albo-atrum  on  final  root  populations  of  P.  penetrans  was 
also  demonstrated.  The  number  of  nematodes  extracted  from  roots 
of  tomato  plants  infected  with  V.  albo-atrum  was  significantly  lower 
than  the  number  extracted  from  roots  grown  in  soil  with  the  nematode 
alone.  The  role  of  the  nematode  in  affecting  a  change  in  the  host  plant 
that  increased  susceptibility  to  V.  albo-atrum  was  considered  using 
a  split-root  technique.  Slightly  higher  levels  of  infection  were  found 
when  the  fungus  and  the  nematode  were  placed  on  opposite  sides  of 
the  split  root  system  compared  to  the  fungus  alone  on  one  side. 
However,  when  both  P.  penetrans  and  V.  albo-atrum  were  combined 
on  the  same  side  of  the  split  root  system,  a  further  increase  in  the 
level  of  infection  was  found,  suggesting  a  host  physiological  response 
to  the  nematode  which  makes  the  plant  more  susceptible  to  infection 
by  V.  albo-atrum. 

The  Epidemic  of  Southern  Corn  Leaf  Blight  in  1970.  A.  J.  Ullstrup, 
Department  of  Botany  and  Plant  Pathology,  Purdue  University,  Lafay- 
ette, Indiana  47907.- Southern  corn  leaf  blight  is  incited  by  Helmin- 

thosporium  maydis.  The  pathogen  appears  to  be  composed  of  two 
physiological  races  that  are  morphologically  alike.  Race  "O"  has 
been  extant  for  many  years  but  has  rarely  caused  any  economic  loss. 
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It  attacks  the  corn  containing  normal  cytoplasm  and  that  bearing 
Texas  male-sterile  cytoplasm  with  equal  facility.  Race  "T"  differs 
from  Race  "O"  in  its  high  virulence  on  corn  containing  TMS  cytoplasm; 
it  is  only  mildly  pathogenic  on  corn  with  normal  cytoplasm.  Ears  as 
well  as  leaves  and  stalks  of  TMS  cytoplasm  corn  are  attacked.  The 
first  evidence  of  Race  "T"  in  the  United  States  was  in  localized  areas 
in  Iowa,  Illinois  and  Indiana  in  the  fall  of  1969.  Early  in  1970  the 
disease  caused  by  Race  "T"  appeared  in  Florida  and  moved  northward. 
By  July  it  was  in  the  Corn  Belt.  Warm,  humid  weather,  the  presence 
of  a  virulent  pathogen,  and  a  highly  susceptible  host — corn  containing 
TMS  cytoplasm  acted  together  to  bring  about  the  epidemic.  Southerly 
winds  plus  favorable  weather  hastened  northward  movement  of  the 
pathogen.  Reports  indicate  that  the  Race  "T"  has  been  in  the  Caribbean 
area  and  is  recognized  there  only  where  corn  with  TMS  cytoplasm  is 
grown.  About  80%  of  the  corn  in  the  continental  United  States  carries 
TMS  cytoplasm.  Control  will  probably  be  through  use  of  normal 
cytoplasm  or  a  resistant  type  of  male-sterile  cytoplasm. 

Ceric  Ammonium  Sulfate.  Use  of  a  Chromatographic  Reagent  in  Fresh 
Tissue  Studies  of  Vinca  rosea  L.  Larry  R.  Yoder  and  Paul  G.  Mahl- 
berg,    Department   of   Botany,    Indiana    University,    Bloomington    47401. 

Ceric    ammonium    sulfate    dissolved    in    phosphoric    acid    will    react 

with  fresh  tissue  of  Vinca  rosea  to  yield  pink  to  purple  colors  dis- 
tinctive of  particular  tissues.  No  other  plants  tested  showed  this  color 
reaction  except  for  Vinca  minor.  Aerial  portions  of  the  plant  pro- 
duced a  pink  reaction,  while  roots  formed  a  purple  reaction  product. 
Embryos  and  endosperm  failed  to  react  as  did  very  young  seedlings. 
Based  on  earlier  chromatographic  work  by  Farnsworth  et  ah,  the  color 
reaction  is  most  probably  due  to  the  alkaloids  present.  The  reaction 
is  localized  in  cortical  parenchyma  and  mesophyll  tissue,  and  it  is 
not  associated  with  the  contents  of  the  laticifer  cells.  Color  intensities 
did  vary  among  the  plants  tested,  but  no  consistent  difference  was 
observed  between  red  and  white  varieties.  It  is  suggested  that  this 
spot  test  with  fresh  tissue  may  be  useful  to  those  involved  in  the 
production  of  Vinca  alkaloids  for  checking  the  productivity  of  new 
sources  and  for  monitoring  the  effects  of  age  and  environment  on 
alkaloid  production. 

Development     of     the     Hypocotyl     and     First     Internode     of     Soybean. 

Charles  T.  Hammond,  Department  of  Botany,  Indiana  University, 
Bloomington  47401,  and  Richard  A.  Popham,  The  Ohio  State  University, 

Columbus. The    hypocotyl    and    first    internode    of    Biloxi    soybean 

(Glycine  max)  were  remarkably  similar  in  their  pattern  of  extension 
growth  despite  differing  embryonic  origins.  Growth  in  length  as  ascer- 
tained from  marking  experiments  initially  occurred  throughout  young 
hypocotyls  and  internodes,  but  later,  cessation  of  growth  occurred 
first  in  the  lowest  segment  and  then  in  successively  higher  segments. 
In  the  fully  elongated  hypocotyl  and  internode  the  topmost  segment  was 
thus  longest  while  lower  segments  were  successively  shorter.  The 
pattern  of  cell  division  and  cell  elongation  in  epidermal,  hypodermal, 
and  pith  cell  files  was  similar  in  both  the  hypocotyl  and  first  internode. 
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A  region  of  rapid  cell  elongation  closely  followed  by  a  cessation  of 
extension  growth  occurred  first  in  the  lowest  segment  and  later  in 
successively  higher  segments.  Although  cell  division  also  became 
restricted  to  higher  and  higher  segments  with  the  acropetal  cessation 
of  growth,  the  number  of  divisions  was  always  greatest  in  upper 
regions.  The  pattern  of  extension  growth  of  the  hypocotyl  and  first 
internode  was  dissimilar  in  one  respect.  Cell  division  and  cell  elongation 
occurred  throughout  development  of  the  internode,  but  cell  division 
ceased  in  the  hypocotyl  when  it  became  one  half  its  final  length.  Further 
extension  growth  of  the  hypocotyl  was  due  entirely  to  cell  elongation. 

Detection  of  Southern  Corn  Leaf  Blight  in  Indiana  by  Remote  Sensing 
Techniques.  Marvin  E.  Bauer,  Philip  H.  Swain,  and  Richard  Mroc- 
zynski,  Purdue  University,  Lafayette,  Indiana  47907. — — Multispectral 
photographic  and  scanner  data  were  collected  over  western  Indiana 
in  August  and  September,  1970,  to  determine  if  various  degrees  of 
infection  of  southern  corn  leaf  blight  (Helminthosporium  maydis)  could 
be  detected  by  remote  sensing  techniques.  Spectral  measurements  in 
the  range  of  0.4  to  14  microns  were  made  using  an  airborne  optical- 
mechanical  scanner  at  altitudes  of  3000  to  9000  feet.  Photographic 
data,  including  color,  color  infrared,  black  and  white,  and  black  and 
white  infrared,  were  collected  at  altitudes  from  3000  to  60,000  feet. 
The  test  site  for  the  study  consisted  of  a  north-south  flightline  run- 
ning the  length  of  Indiana,  with  six  intensive  study  areas  in  which 
ground  truth  information  was  collected.  Ground  truth  consisted  of 
rating  each  corn  field  with  respect  to  degree  of  disease  infection  and 
stage  of  maturity  of  the  corn.  Six  levels  of  infection  based  on  the 
amount  of  leaf  damage  were  identified  in  the  fields. 

Three  levels  of  infection  were  detectable  from  the  aerial  photography 
by  standard  photo-interpretative  techniques;  however,  early  maturing 
fields  could  not  be  separated  from  severely  blighted  fields.  Five  or 
six  levels  of  infection  were  detectable  by  applying  automatic  pattern 
recognition  techniques  to  the  multispectral  scanner  data.  Again,  how- 
ever, mature  corn  fields  could  not  be  discriminated  from  severely 
blighted  fields. 

These  results  illustrate  the  potential  application  of  remote  sensing 
techniques  to  the  detection  of  crop  diseases. 


A  Comparison  of  Local  and  Regional 
Leaf  Characteristics  in  Indiana 

Gary  E.  Dolph 

Department  of  Botany 

Indiana  University,  Bloomington  47401 

Abstract 

Comparison  of  leaf  size  distribution  and  margin  characteristics  with  importance 
value  along  a  linear  series  of  quadrats  at  Cedar  Bluffs,  Indiana,  indicated  that  the 
species  present  in  any  one  quadrat  influenced  the  size  distribution  and  ratio  between 
species  with  entire  and  non-entire  leaves.  The  percentage  of  species  with  entire 
leaves  was  shown  to  increase  as  consistently  larger  areas  of  Indiana  were  examined. 
The  effect  of  these  results  on  the  utility  of  regionally  determined  climatic  trends 
is  considered. 

Introduction 

Two  physiognomic  characteristics  that  have  been  used  to  relate 
plants  with  their  environments  are  leaf  size  and  margin  type.  Bailey 
and  Sinnott  (1,  2)  proposed,  after  critical  analysis  of  regional  her- 
barium collections  and  published  floras,  that  from  area  to  area  as 
the  mean  annual  temperature  decreased,  the  percentage  of  species 
with  entire  leaves  in  a  flora  decreased  (with  the  exception  of  physio- 
logically dry  areas — deserts,  tundras,  etc. — where  species  with  small, 
entire  leaves  are  abundant).  Raunkiaer  (8)  noted  a  similar  trend; 
that  is,  from  area  to  area  as  the  availability  of  soil  moisture  decreased, 
the  percentage  of  individuals  with  large  leaves  in  a  flora  decreased. 
Geographically,  these  two  environmental  factors  produce  similar  dis- 
tribution patterns.  Nevertheless,  because  environmental  factors  are 
very  rarely  constant  over  a  large  area,  local  variations  in  their 
effect  might  be  expected  to  cause  localized  plant  associations  to 
differ  appreciably  from  broadly  regional  floras  in  terms  of  leaf  size 
distribution  and  margin  character.  In  this  study,  I  have  attempted 
to  analyze  local  variations  in  these  features  and  to  relate  them  to 
the  Indiana  flora  as  a  whole. 

Materials  and  Methods 

Leaf  margin  and  size  characteristics  were  studied  in  a  secondary 
forest  at  Cedar  Bluffs,  Indiana  (Sec.  18,  T  7  N,  R  3  W,  Clear  Creek 
Indiana  Quadrangle).  A  line  transect,  consisting  of  10  quadrats  each 
10  m-,  was  oriented  to  run  from  the  crest  of  a  ridge  down  onto  a 
dry  stream  bed  below  (Fig.  1).  The  species  of  dicotyledonous  trees, 
shrubs,  and  vines  present  in  each  quadrat  and  the  number  of  individ- 
uals in  each  species,  their  position,  and  their  diameter  at  breast 
height  were  recorded.  An  importance  value  representing  the  sum 
of  the  relative  frequency,  relative  density,  and  relative  dominance 
(4)  was  calculated  for  each  species  in  every  quadrat.  The  methods 
of  calculating  relative  density  and  relative  dominance  are  directly 
applicable   to   single   quadrats,   but   to   calculate   the   relative   frequency, 
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each  quadrat  had  to  be  further  subdivided  into  four  squares  of  equal 
area.  The  quadrat  method  of  calculating  relative  frequency  presented 
by  Curtis  and  Mcintosh  (3)  could  then  be  applied  within  a  single 
quadrat. 


Figure  1.     Profile    diagram    indicating    the    spatial    relationships    among    the    trees    and 

shrubs   found   along    the   central  2   m   of   the   transect    (actual   diameter   10    m).    Seedlings 

and    saplings    under    1    m    in    height    have    been    omitted.    The    bar    in    the    lower    right 

indicates  a  distance  of  10  m. 


The  leaves  were  grouped  according  to  surface  area  on  the  basis 
of  a  geometrical  grade  scale  proposed  by  Raunkiaer  (8)  and  modified 
by  Webb  (9).  Every  plant  taller  than  3  m  was  divided  into  3  vertical 
sections — lower,  middle,  and  upper.  Three  leaves  were  sampled  from 
each  of  these  sections.  Three  leaves  were  measured  at  random  from 
plants  shorter  than  3  m  but  taller  than  1  m.  Individuals  smaller 
than  1  m  were  not  sampled.  Leaf  size  was  calculated  by  means  of 
a  grid  system  proposed  by  Heinicke  (7).  The  leaves  were  divided 
into  two  classes  on  the  basis  of  margin — entire  and  non-entire.  The 
non-entire  class  consisted  of  leaves  that  were  lobed,  toothed,  or  of 
various  combinations  of  the  two.  All  leaves  with  continuous,  un- 
broken margins  were  placed  within  the  entire  class  with  the  exception 
of  those  leaves  that  had  a  smooth  margin  but  were  conspicuously 
lobed.  Due  to  similarities  in  size  and  physiologic  function,  the  leaflets 
of  compound  leaves  were  considered  to  be  analogous  to  simple  leaves. 
Because  this  study  dealt  primarily  with  the  comparison  of  local 
and  regional  foliar  physiognomic  characters  and  not  the  effect  of 
environment  on  plant  distribution,  no  attempt  has  been  made  to 
establish  why  the  vegetation  changed  in  relation  to  slope. 


Results 

A    comparison    of   the    changes    in    leaf    size    and    margin   character 
with    those    in    importance    value    indicates    that    size    distribution    and 
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margin  types  are  directly  dependent  upon  the  individuals  growing  in 
each  quadrat.  Near  the  ridge  crest  (Quadrats  1-4,  Table  1),  the 
percentage  of  mesophylls  in  each  quadrat  is  high.  This  value  decreases, 
as  does  the  percentage  of  notophylls,  past  midslope  but  increases 
once  more  in  Quadrat  10  approaching  the  values  found  on  the  ridge 
crest.  Concomitant  with  the  decrease  in  the  percentage  of  mesophylls, 
that  of  the  microphylls  increased.  The  retention  of  some  microphyllous 
individuals  in  Quadrat  10  prevented  exact  duplication  of  the  characteris- 
tics of  the  ridge  crest. 


Table   1.      The    percentage    of    leaves    in    each    size    class    and    the    percentage    of    species 

with    entire    leaves    are    represented    by    quadrat.    Species    number    indicates    the    number 

of  species  present  in  any  one  quadrat. 


Leaf 

Quadrats 

Type 

1 

2 

3            4 

5 

6 

7 

8 

9 

10 

Leptophyll 

None  Present 

Nanophyll 
Microphyll 
Notophyll 
Mesophyll 

1 
30 

7(1 

1 
35 
65 

3 

6            1 

18          28 
73          71 

L8 
30 

.-,o 

49 
L6 
35 

34 
29 
37 

37 
17 
46 

47 
18 
35 

13 

IS 

66 

Macrophyll 
Magaphyll 

1 
None  Present 

Entire      Leaves 

0 

11 

11            0 

9 

17 

18 

17 

8 

15 

Species      Number 

10 

9 

9          12 

11 

12 

11 

12 

13 

L3 

Along  the  ridge  crest,  Acer  saccharum  is  the  most  important 
canopy  and  understory  tree  (Table  2),  and  the  high  percentage  of 
mesophylls  found  is  a  function  of  its  dominance.  Acer  saccharum's 
importance  gradually  decreases  downslope,  and  the  rise  in  the  per- 
centage of  microphylls  is  associated  with  the  increased  importance  of 
Fraxinus  americana  and  the  appearance  of  Staphylea  trifolia.  In 
Quadrat  10,  A.  saccharum  is  as  important  as  on  the  ridge  crest,  but 
the  presence  of  Ostrya  virginiana  and  Carpinus  caroliniana,  both 
microphyllous  species,  prevents  the  duplication  of  the  conditions  seen 
on  the  ridge  crest.  The  profile  diagram  presented  in  Figure  1  shows 
the  variation  from  quadrat  to  quadrat  and  the  progressive  downslope 
trends  mentioned  above. 

The  main  fluctuations  encountered  in  the  scheme  (Quadrats  3, 
5,  and  7,  Table  1)  resulted  from  the  scattered  distribution  of  rare 
individuals,  the  patchy  distribution  of  common  ones,  or  the  errors 
inherent  in  the  sampling  technique.  The  percentage  of  microphylls 
in  Quadrat  3  was  high  due  to  a  rare  occurrence  of  Gleditsia  triacanthos. 
The  percentage  of  notophylls  in  Quadrat  7  increased  rapidly  because 
of  the  sudden  decrease  in  the  importance  of  Staphylea  trifolia  (Table 
2).  Staphylea  trifolia  displays  a  patchy  distribution,  and  although 
the  species  is  common  in  the  area,  it  was  locally  rare  within  the 
quadrat.     The    majority    of    the    individuals    of    S.    trifolia    in    Quadrat 
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5    were   smaller   than    1    m    and   were   not    sampled.     This   accounts   for 
the  intermediate  value  obtained  in  Quadrat  5. 

Table  2.      The    importance    values    of    each    species    encountered    at    Cedar    Bluffs    listed 
by    quadrat.    Note    that    the    species    are    arranged    according    to    the    order    of    their    ap- 
pearance and  disappearance.    Nomenclature  according  to  Deam   (5,  6). 


Species 

Quadrats 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Acer     saccharum 

SB 

77 

75 

73 

HI 

15 

IS 

33 

35 

65 

Quercus    muhlenbergii 

Tit 

its 

43 

49 

36 

!t4 

59 

27 

4 

24 

Carya    cordiformis 

16 

6 

17 

1!) 

15 

67 

IS 

Carpinus  caroliniana 

11 

21 

17 

it 

5 

24 

Morus  rubra 

10 

25 

27 

10 

13 

14 

Fraxinus    americana 

4  it 

S 

10 

10 

66 

64 

44 

Fraxinus   quadrangulata 

14 

50 

20 

28 

5 

IS 

Aesculus    glabra 

6 

6 

Viburnum   acerifolium 

6 

Sassafras     albidum 

6 

Quercus    alba 

it 

Quercus    rubra 

20 

it 

11 

s 

itit 

11 

Cercis     canadensis 

i> 

0 

it 

11 

20 

10 

26 

Ulmus     rubra 

43 

12 

5 

10 

2S 

20 

36 

17 

Rhus     toxicodendron 

21 

11 

26 

43 

20 

16 

Gleditsia    triacanthos 

54 

0 

S 

12 

Hydrangea  arborescens 

28 

Staphylea    trifolia 

64 

!t<; 

64 

22 

57 

47 

25 

Carya    ovata 

6 

6 

2S 

17 

16 

it 

Prunus   serotina 

5 

4 

Asimina   triloba 

12 

11 

7 

it 

Ostrya    virginiana 

4 

lit 

Celtis  occidentalis 

4 

Lindera    benzoin 

10 

The  percentage  of  species  with  entire  leaves  increased  downslope 
due  to  the  species  distribution  over  the  slope  (Table  1,  entire  species). 
Five  species  with  non-entire  leaves  that  were  found  on  the  ridge 
crest  failed  to  appear  past  midslope  (Table  2).  In  contrast  to  this, 
eight  new  species  were  added  below  the  center  of  the  ridge.  The 
net  gain  downslope  was  three  species  of  which  two  had  entire  leaves. 


Conclusions 

Adequate  data  to  allow  the  comparison  of  the  leaf  size  distribution 
at  Cedar  Bluffs  with  that  from  other  areas  in  Indiana  is  lacking, 
but  certain  comparisons  may  be  made  using  the  information  available 
on  margin  characteristics  (5,  6).  The  percentage  of  species  with 
entire  leaves  found  within  the  10  quadrats  was  12%.  This  was  con- 
siderably lower  than  the  value  of  22%  obtained  when  only  the  ridge 
crest  was  sampled  by  randomly  selected  quadrats.  A  survey  of  Deam's 
Trees  of  Indiana  (6)  and  Shrubs  of  Indiana  (5)  indicated  that  27r>r 
of  the  dicotyledonous  trees,  shrubs,  and  vines  in  Monroe  County 
have    entire    leaves    and    that    species    with    entire    leaves    account   for 
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33%  of  the  flora  of  Indiana.  By  increasing  the  regionally  of  the 
study,  the  floral  variation  is  also  increased,  and  at  least  in  Indiana, 
the  calculated  distribution  of  leaf  margin  characteristics  increases. 
Thus,  just  as  the  variability  of  the  site  of  study  is  the  sum  of  all 
the  quadrats  and  does  not  indicate  the  variability  of  its  parts,  the 
regional  flora  is  the  sum  of  many  different  plant  associations,  and 
its  utility  is  limited  by  its  internal  variability. 
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Systemic  Activity  of  Benomyl  Fungicide  against 

Cladosporium  Leaf  Mold  and  Verticillium  Wilt 

of  Greenhouse  Tomatoes1 

J.  C.  Locke  and  R.  J.  Green,  Jr. 
Department  of  Botany  and  Plant  Pathology 
Purdue  University,  Lafayette,  Indiana  47907 

Abstract 

Verticillium  wilt  and  Cladosporium  leaf  mold  are  two  serious  diseases  of  com- 
mercially grown  greenhouse  tomatoes  in  Indiana.  Benomyl  fungicide,  has  shown  activ- 
ity against  species  of  the  genera  Cladosporium  and  Verticillium,  and  a  combina- 
tion of  preventive,  curative,  and  systemic  fungicidal  properties.  This  study  utilized 
three  methods  in  assaying  for  benzimidazole  carbamic  acid,  methyl  ester  (BCM),  the 
breakdown  product  of  benomyl,  in  plant  tissue:  tissue  plating,  tissue  incorporation, 
and  vascular  fluid  incorporation.  Vascular  fluid  incorporation  was  the  most  quanti- 
tative method.  Penicillium  oxalicum  was  completely  inhibited  in  vitro  at  0.5  ppm 
benomyl  and  P.  expansum  and  P.  finiculosum  at  0.1  ppm.  Benomyl  at  25  ppm 
either  as  a  soil  incorporation  or  a  soil  drench  was  effective  in  protecting  tomato 
from  infection  by  V.  albo-atrum.  A  25  ppm  benomyl  soil  incorporation  also  pro- 
tected against  C.  fulvum  infection.  At  this  level  of  treatment,  no  detrimental  effects 
were  noted  either  on  foliage  or  root  system  development.  Although  BCM  accumulated 
in  leaves  at  concentrations  of  at  least  25  ppm,  the  compound  could  not  be  detected 
in  the  mature  fruit. 

Verticillium  wilt,  caused  by  Verticillium  albo-atrum  Rke.  &  Berth., 
and  gray  leaf  mold,  caused  by  Cladosporium  fulvum  Cke.,  are  two 
serious  diseases  of  commercially  grown  greenhouse  tomatoes  in  Indiana 
due  to  the  cultural  conditions  found  in  greenhouse  operations.  Verticil- 
lium albo-atrum,  a  soil  borne  pathogen,  often  builds  up  in  greenhouse 
soil  under  constant  cultivation,  and  can  usually  be  controlled  only 
by  the  costly  procedure  of  steam  sterilization  or  by  fumigating  the 
soil.  Gray  leaf  mold  causes  severe  leaf  necrosis  under  humid  condi- 
tions and  effective  control  requires  control  of  atmospheric  humidity 
and  application  of  protective  foliar  fungicides.  Genetic  resistance  is 
available  for  both  diseases  but  is  not  extensively  used. 

The  systemic  fungicide  benomyl,  l-(butylcarbamoyl)-2-benzimida- 
zole  carbamic  acid,  methyl  ester  is  effective  against  both  of  these 
pathogens  and  is  thus  a  potential  means  for  control  of  the  diseases 
they  cause  in  the  greenhouse  (2).  Hine  et  al.  (3)  demonstrated  that 
benomyl  is  unusually  persistent  in  soil,  compared  to  other  soil  fungi- 
cides, and  recent  studies  (1,  4,  5)  have  shown  that  benomyl  breaks 
down  rapidly  in  aqueous  solution  to  benzimidazole  carbamic  acid, 
methyl  ester  (BCM)  and  that  his  fungi  toxic  derivative  is  likely  what 
is  taken  up  systemically  by  treated  plants.  The  uptake,  translocation 
and  accumulation  of  BCM  has  been  demonstrated  in  other  plants, 
including  bean  and  cotton  (4,  5). 


1  Journal    Paper    4268.     Purdue    University    Agricultural    Experiment    Station,    Lafay- 
ette, Indiana  47907. 
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The  objectives  of  this  study  included: 

1)  Determination  of  systemic  uptake,  translocation  and  ac- 
cumulation of  benomyl  or  its  fungitoxic  derivative  BCM 
by  the  tomato  plant. 

2)  Effectiveness  of  benomyl  under  greenhouse  conditions  to 
prevent,  reduce  or  eradicate  infection  of  tomato  by  Clado- 
sporium  fulvum  and  Verticillium  albo-atrum. 

Methods  and  Procedures 

A  bioassay  was  developed  to  determine  the  uptake,  accumulation 
and  persistence  of  BCM,  the  fungitoxic  derivative  of  benomyl,  in 
tomato.  Conidiospores  of  Penicillium  oxalicum,  P.  expansion  and  P. 
funiculosum  were  placed  on  solidified  potato  dextrose  agar  (PDA)  in 
which  benomyl  was  incorporated  at  varying  concentrations.  After 
incubation  for  3  days  at  28  °C,  spore  germination  and  growth  of  the 
3  test  fungi  when  exposed  to  varying  concentrations  of  the  fungicide, 
were  determined.  The  sensitivity  of  P.  oxalicum  was  later  used  in  the 
bioassay  for  BCM  in  host  tissue. 

The  uptake,  translocation  and  accumulation  of  BCM  from  soil 
by  tomato  seedlings  was  ascertained  by  tissue  plating,  tissue  macerates 
and  vascular  fluids.  In  tissue  platings,  sections  or  discs  of  tomato 
stem  and  leaf  tissue  were  placed  directly  on  solidified  PDA  with  the 
antibiotics  aureomycin  and  streptomycin  incorporated  to  reduce  bac- 
terial contamination  and  previously  seeded  with  condiospores  of  P. 
oxalicum.  The  zones  of  inhibition  of  spore  germination  were  used 
to  determine  the  presence  of  BCM.  In  use  of  tissue  macerates,  leaf 
and  stem  tissues  were  first  ground  in  a  food  blender  and  incorporated 
in  PDA  with  antibiotics  at  known  ratios  of  weight/ volume.  Condio- 
spores of  P.  oxalicum  were  placed  on  the  agar  surface  and  concentra- 
tions of  BCM  in  the  tissues  estimated. 

The  most  accurate  bioassay  method  for  uptake  and  translocation 
of  BCM  in  tomato  tissues  was  by  use  of  vascular  fluids.  The  fluids 
were  collected  by  excising  the  plants  just  below  the  first  true  leaf 
and  inverting  the  plant  container  over  a  test  tube  for  24  hours.  The 
fluids  exuded  by  root  pressure  were  incorporated  at  varying  concen- 
trations in  PDA+antibiotics  and  the  bioassay  with  conidiospores  of 
P.  oxalicum  used. 

The  protection  of  tomato  seedlings  from  infection  by  Cladosporium 
fulvum  and  Verticillium  albo-atrum  and  the  eradication  of  established 
infection  by  the  latter  by  the  systemic  uptake  and  translocation  of 
BCM  was  determined-  Benomyl  was  either  mixed  into  the  soil 
at  known  concentrations  prior  to  planting  the  test  plants  or  by  soil 
drench  with  the  fungicide  after  planting.  Inoculation  of  tomato  with 
C.  fulvum  was  by  atomizing  conidiospores  onto  the  foliage  under 
conditions  favorable  for  infection.  Tomato  seedlings  were  inoculated 
with  V.  albo-atrum  either  by  root  dip  into  a  suspension  of  spores- 
mycelium  or  by  planting  test  plants  into  soil  previously  infested  with 
known  inoculum  densities  of  microsclerotia  of  this  fungus. 
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Results 


The  growth  of  Penicillium  expansum,  P.  funiculosum  and  P. 
oxalicum,  on  PDA  in  the  presence  of  benomyl  fungicide  was  completely 
inhibited  at  0.5  ppm.  This  provided  a  highly  sensitive  group  of  test 
organisms  for  bioassay  of  host  tissues  for  presence  of  benomyl  or 
its  fungitoxic  derivatives.  As  indicated,  P.  oxalicum  was  used  as 
the  test  organism  in  the  bioassays  throughout  this  study. 

Uptake,  Translocation,  and  Accumulation  of  Benomyl 

Tissue  Plating.  BCM  was  detected  in  the  stem  tissue  of  tomato 
plants  within  3  days  after  transplanting  into  100  ppm  (w/w)  benomyl- 
incorporated  soil.  Stem  sections  from  the  treated  plants  produced 
zones  of  growth  inhibition  on  PDA  plates  seeded  with  spores  of  P. 
oxalicum,.  After  6  days,  growth  inhibition  zones  occurred  with  both 
stem  sections  and  leaf  discs  from  these  plants.  The  concentration 
of  BCM  in  the  plant  tissues  was  determined  to  be  in  excess  of  0.5 
ppm,  since  this  is  the  minimum  dosage  necessary  for  growth  inhibition 
of  this  test  organism. 

Tissue  Incorporation.  To  establish  a  more  precise  assay  for  BCM 
concentration  in  host  tissues,  stem  and  leaf  samples  from  tomato 
seedlings  grown  in  benomyl  treated  soil  were  macerated  and  incorpo- 
rated into  PDA  on  a  weight/volume  basis.  Complete  inhibition  of 
growth  occurred  when  1  g  of  leaf  tissue,  from  plants  grown  in 
soil  treated  with  benomyl  at  50  ppm  for  6  days,  was  incorporated 
into  100  ml  of  PDA.  Since  germination  of  spores  of  P.  oxalicum  were 
inhibited  at  0.5  ppm,  it  was  estimated  that  the  leaf  tissue  contained 
at  least  50  ppm  BCM,  based  on  the  dilution  of  the  host  tissue  in 
the  growth  medium.  Lower  concentrations  of  host  tissues  failed  to 
inhibit  growth  of  the  test  organism,  supporting  the  estimated  con- 
centration of  BCM  in  the  leaf  tissue. 
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Fic.URE   1.      Concentrations    of    BCM     (2-benzimidazoIe    carbamate,    methyl    ester)     in    vas- 
cular fluids  of  tomato  plants  in  soil  treated  with  Benlate  (benomyl). 
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Figure  2.     Concentrations    of    BCM     (2-benzimidazole    carbamate,    methyl    ester)     is    vas- 
cular fluids  of  tomato  plants  over  6  weeks  period. 

Vascular  Fluid  Incorporation.  Using:  the  vascular  fluid  analysis 
procedure,  both  the  concentration  of  BCM  uptake  and  the  duration 
of  uptake  over  a  6-week  period  were  determined.  Results  presented 
in  Figure  1  show  that  the  concentration  of  BCM  in  the  plant  was 
linearly  related  to  the  concentration  of  benomyl  incorporated  into 
the  soil.  Second,  the  uptake  of  BCM  reached  a  peak  between  the 
second  and  third  weeks  following  treatment,  and  then  dropped  off 
gradually  over  the  next  3  weeks  (Fig.  2).  The  relation  between  soil 
concentration  of  benomyl  and  uptake  concentration  of  BCM,  as  pre- 
viously noted,  also  holds  in  this  test. 

Control  of  Cladosporium  Leaf  Mold  on  Tomato 

Tomato  seedlings  were  protected  from  infection  by  C.  fitlvum 
when  grown  in  soil  with  25  ppm  benomyl  incorporated  prior  to  trans- 
planting test  plants.  At  soil  concentrations  of  100  ppm  and  200  ppm 
benomyl  there  was  slight  to  moderate  marginal  chlorosis  of  the  leaflets 
of  the  lower  leaves  of  tomato  seedlings,  indicating  limited  phytotoxicity. 

When  tomato  seedlings  with  established  infection  by  C.  fitlvum 
were  treated  by  application  of  benomyl  as  a  soil  drench,  no  new  in- 
fections occurred  after  treatment  at  25  ppm  or  above.  Foliar  appli- 
cations of  benomyl  by  spraying  at  concentrations  of  600  ppm  also 
prevented  further  infection  of  plants  that  already  exhibited  symptoms 
of  this  disease.  However,  there  was  no  evidence  of  eradication  of  estab- 
lished infections  by  either  the  soil  drench  or  foliar  with  benomyl. 


Protection/Eradication — V erticillium  Wilt  of  Tomato 

Tomato  seedlings  were  transplanted   to   soil  infested  with  Verticil- 
lium   albo-atrnm    (microsclerotia — 250 /g   soil)    with    varying   concentra- 
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tions  of  benomyl  from  10  ppm  to  100  ppm.  Incubation  was  for  5 
weeks  and  infection  was  ascertained  by  plating  stem  sections  on 
PDA  regardless  of  presence  of  symptoms.  The  results  are  presented 
in  Table  1. 

Table   1.      Tomato    plants    infected    by    Verticillium    albo-atrum    after    5    weeks    in    soil 
containing  microsclerotia  and  benomyl. 


Treatment 

Number  of  stems 

N 

umber  of  stems 

Percent 

(ppm) 

assayed 

infected 

infected 

Control 

7 

5 

71 

10 

7 

2 

29 

25 

8 

0 

0 

50 

8 

0 

u 

too 

S 

0 

0 

Typical  symptoms  of  Verticillium  wilt  (lower  leaf  necrosis, 
chlorosis,  stunting  and  unilateral  leaflet  development)  appeared  on 
control  untreated  tomato  seedlings  in  infested  soil  and  on  plants  in 
soil  with  10  ppm  benomyl.  Plants  in  all  other  treatments  were  normal 
and  free  from  the  pathogen. 

Tomato  seedlings  were  root-dip  inoculated  with  V.  albo-atrum  and 
grown  in  sterile  sand  for  varying  periods  to  establish  infection.  After 
3  to  15  days,  inoculated  seedlings  were  transplanted  to  soil  with 
benomyl  incorporated  at  10  ppm  and  50  ppm.  Infection  in  the  untreated 
inoculated  seedlings  was  determined  by  attempting  to  recover  the 
fungus  from  the  stems.  The  effectiveness  of  BCM  in  the  eradication 
of  established  infection  by  V.  albo-atrum  was  determined  by  comparing 
the  infection  of  treated  plants  to  untreated  checks.  The  results  are 
presented  in  Table  2. 

Table  2.     Eradication    of    Verticillium    albo-atrum    from    infected    tomato    seedlings    by 
transplant  into  soil  with  benomyl. 


Number  of  days  between 

Number 

of  infected  plants/total 

inoculation  and 

plants  in  the  treatment 

transplant 

Control 

lOppm 

50ppm 

3 

6/6(100%) 

5/5(100%) 

0/6(0%) 

6 

6/6(100%) 

6/6(100%) 

3/5(60%) 

9 

6/6(100%) 

6/6(100%) 

5/6(83%) 

L2 

6/6(100%) 

5/5(100%) 

6/6(100%) 

15 

6/6(100%) 

6/6(100%) 

6/6(100%) 

The  vascular  pathogen  V.  albo-atrum  was  partially  or  completely 
eradicated  from  inoculated  plants  for  a  period  up  to  9  days  after 
infection.  After  12  days,  the  dysfunction  of  the  invaded  roots  ap- 
parently reduced  or  inhibited  uptake  of  BCM  and  the  chemical  was 
no  longer  effective. 
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Summary 

A  bioassay  for  the  detection  of  benomyl  fungicide  or  its  fungi- 
toxic  derivative  (BCM)  in  tomato  plant  tissues  was  developed  using 
conidiospores  of  Penicillium  oxalicum.  The  bioassay  is  sensitive  to 
concentrations  of  0.5  ppm.  BCM  was  detected  using  tissue  sections 
or  tissue  macerates  and  in  vascular  fluids.  The  latter  method  gave 
the  most  quantitative  results.  When  benomyl  was  incorporated  in 
soil,  BCM  accumulated  in  vascular  fluids  of  test  plants  to  levels  of 
50  ppm  and  there  was  a  linear  relationship  between  soil  concentration 
and  the  accumulation  in  vascular  fluids.  The  BCM  concentration  in- 
creased for  3  weeks  after  transplanting  test  plants  into  treated  soil, 
followed  by  a  gradual  decline.  Phytoxicity  was  limited  to  marginal 
chlorosis  of  leaflets  of  lower  leaves  and  occurred  only  at  the  higher 
rates. 

Incorporation  of  25  ppm  benomyl  in  soil  protected  tomato  seed- 
lings from  infection  by  Cladosporium  fulvum  and  V erticilliiim.  albo- 
atrum.  Established  infection  by  V.  albo-atrum  could  also  be  partially 
or  completely  eradicated  up  to  9  days  after  inoculation  with  soil 
treatments  of  25  ppm. 
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ABSTRACTS 

L-Serine  Deaminase  of  Escherichia  coli — A  Study  of  an  Enzyme  with 
Novel    Cofactor    Requirements.     R.    E.    Zimmerman    and    P.    J.    Burck, 

Eli    Lilly   and    Company,    Indianapolis,    Indiana   46206. L-Serine    and 

L-threonine  deaminases  which  require  pyridoxal  phosphate  as  a  co- 
factor  have  been  crystallized  from  several  sources.  L-Serine  deaminases 
from  bacterial  sources  have  been  reported,  but  the  deaminases  were 
very  unstable  during-  purification  attempts.  In  these  reports  enzymatic 
activity  was  assayed  in  phosphate  buffers  by  determining"  the  amount  of 
pyruvate  produced  from  L-Serine.  From  Escherichia  coli  we  have  partial- 
ly purified  an  L-Serine  deaminase  which  requires  NADH  and  ferric  ion  for 
maximum  activity.  Compounds  which  complex  ferric  ion,  including 
phosphate  ion,  markedly  inhibited  the  deamination  of  L-Serine  by 
this  enzyme.  L-Serine  deaminase  activity  was  determined  by  disap- 
pearance of  L-Serine  or  formation  of  an  equimolar  amount  of  am- 
monia. Any  pyruvate  formation  appeared  to  result  from  contaminating 
enzymes  in  the  cell  extract  and  disappeared  as  the  L-Serine  deaminase 
was  purified.  We  postulated  that  deamination  of  L-Serine  by  this 
enzyme  involved  an  enzyme-bound  ferric  ion-glyceric  acid  intermediate 
which  dissociated  in  the  presence  of  NADH  to  yield  equimolar  amounts 
of  lactic  acid  and  ammonia. 

Evidence  Concerning  the  Role  of  Thyroid  Monoamine  Oxidase  in  Thy- 
roxine   Biosynthesis.     Cleo    Huang    and    Arthur    R.    Schulz,    Indiana 

University    Medical    Center,    Indianapolis    46220. Two    steps    in    the 

synthesis  of  thyroxine  in  the  thyroid  gland  require  hydrogen  peroxide 
are  the  iodination  of  tyrosine  (or  protein-bound  tyrosyl  residues),  and 
the  coupling  of  iodotyrosine  molecules  to  form  iodothyronine.  The 
thyroid  gland  must  contain  a  hydrogen  peroxide-generating  system 
which  is  capable  of  providing  sufficient  hydrogen  peroxide  to  support 
thyroxine  synthesis. 

The  thyroid  gland  contains  monoamine  oxidase  and  addition  of 
a  substrate  for  this  enzyme  to  thyroid  microsomes  will  support  the 
iodination  and  'coupling'  reaction  in  vitro.  In  contrast  to  monoamine 
oxidase  isolated  from  other  tissues,  the  thyroid  enzyme  exhibits  a 
rather  high  degree  of  substrate  specificity.  Tyramine  and  phenylethyl- 
amine  are  oxidized  most  rapidly.  The  thyroid  gland  contains  an 
aromatic  amino  acid  decarboxylase  which  catalyzes  the  synthesis 
of  these  two  amines. 

Ill 
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Experiments  were  conducted  to  determine  the  physiological  signifi- 
cance of  thyroid  monoamine  oxidase  in  the  synthesis  of  thyroxine. 
We  found  that  a  wide  variety  of  inhibitors  of  thyroid  monoamine 
oxidase  inhibit  the  incorporation  of  radioactive  iodide  into  the  protein 
of  bovine  thyroid  slices.  Some  of  the  compounds  used  were  general 
inhibitors  of  monoamine  oxidases,  but  others  such  as  3-iodotyramine 
were  rather  specific  inhibitors  of  thyroid  monoamine  oxidase.  The  results 
were  consistent  with  the  hypothesis  that  thyroid  monoamine  oxidase 
plays  an  important  role  in  thyroxine  biosynthesis. 

The  Surface  Structure  of  Pseudomonas  aeruginosa  After  Freeze-Etching. 

Richard  L.  Weiss  and  Dean  Fraser,  Microbiology  Department,  Indiana 
University,  Bloomington  47401. The  surface  structure  of  Pseudo- 
monas aeruginosa,  a  non-sporulating  gram-negative  rod  shaped  bac- 
terium, was  examined  by  the  freeze-etch  technique.  After  freeze 
etching  the  cell  envelope  could  be  divided  into  the  cell  wall  and  cell  mem- 
brane, both  of  which  were  correlated  with  similar  structures  observed 
after  thin  sectioning  and  negative  staining  of  intact  cells.  The  results 
obtained  by  freeze  etching  suggest  a  layered  arrangement  for  the 
envelope  structure.  The  outermost  structure,  the  cell  wall,  appears 
to  consist  of  two  layers.  The  surface  profile  of  the  two  cell  wall 
layers  presented  some  differences  in  detailed  fine  structure.  The 
cell  membrane  was  observed  to  consist  of  two  morphologically  distinct 
layers.  The  outer  layer,  which  was  studded  with  small  globules,  seemed 
to  be  intermixed  with  an  underlying  layer  containing  numerous,  rather 
large  hemispheres.  Studies  on  the  membrane  structure  of  sphero- 
plasts  seemed  to  confirm  the  idea  of  a  bi-layered  membrane  structure 
and  suggested  that  the  rigidity  of  the  bacterium  is  confined  to  the 
wall  structure. 

Morphological    Contributions    to    Experimental    Brain    Tumor    Research. 

Hans  H.  Goebel  and  Humberto  Cravioto,  Division  of  Neuropathology, 
Indiana  University  Medical  Center,  Indianapolis  46202,  and  Department 

of   Pathology,    New    York    University    Medical    Center,    New   York. 

Tumors  of  the  central  and  peripheral  nervous  system  were  induced  by 
parenteral  application  of  ethylnitroso-urea  to  pregnant  brown  BD  rats. 
Eighty-five  per  cent  of  the  offspring  developed  single  or  multiple 
tumors  of  exclusively  neurogenic  origin.  These  neoplasms  occurred 
after  a  latent  period  of  168  to  323  days.  The  majority  of  tumors  were 
malignant  neurinomas  of  the  cranial  and  peripheral  somatic  nerves  and 
of  the  abdominal  cavity.  Less  frequently  tumors  arose  in  the  spinal 
cord  (ependymomas)  or  brain  (occasionally  as  microtumors).  A  second 
series  of  experiments  with  white  Sprague-Dawley  rats  yielded  pre- 
dominantly neurinomas  of  the  trigeminal  nerves  indicating  a  hitherto 
unseen  and  unexplained  type  specific  tumor  induction.  The  pattern 
of  some  of  these  experimental  neoplasms  differed  from  the  human 
counterparts  in  respect  to  distribution,  admixture  of  cell  types  within 
individual  tumors  and  the  frequency  of  anaplastic  changes.  Meningiomas 
were  not  seen.  The  histological  features  were  comparable  with  the 
extensively   described   and   classified   human   tumors.    These   neurinomas 
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exhibited  ultrastructural  similarities  to  human  material;  whereas 
ependymomas  displayed  a  considerable  lack  of  differentiation  in  rats. 
The  neurotropy  of  these  alkylating  agents  is  ascribed  to  the  urea  group 
of  methylnitroso-urea  and  ethylnitroso-urea. 
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Inosine     Di  phosphatase:      Possible    Role    in    Polysaccharide     Synthesis. 
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The  Toxicity  of  2,4-D  and  Picloram  Herbicides  to  Fish1 

M.  Sergeant,  D.  Blazek,  J.  H.  Elder,  C.  A.  Lembi  and  D.  J.  Morre 
Department  of  Botany  and  Plant  Pathology 
Purdue  University,  Lafayette,  Indiana  47907 

Abstract 

Two  common  herbicides,  picloram  or  Tordon  ( 4-amino-3,5,6-trichloropicolinic 
acid)  and  2,4-D  (2,4-dichlorophenoxyacetic  acid)  and  their  salts  exhibit  low  toxicity 
to  fish.  Certain  formulated  derivatives  (especially  esters)  tend  to  be  more  toxic  than 
acid  salts  as  is  an  impurity  from  technical  picloram.  Even  with  picloram  contain- 
ing impurities,  adaptive  and/or  detoxification  responses  by  the  fish  are  indicated. 
These  herbicides  (picloram  and  2,4-D)  seem  to  present  a  low  potential  hazard  to  fish 
from  normal  agricultural  or  industrial  practice. 

Growth  regulating-  herbicides  have  been  developed  over  the  past 
30  years  which  control  broad  spectra  of  plant  species.  They  are  used 
extensively  for  control  of  brush  and  herbaceous  species  in  non-crop 
areas  as  well  as  for  weed  control  in  agricultural,  recreational  and 
urban  areas.  In  addition  to  the  standard  herbicides  used  for  thes^ 
purposes  such  as  2,4-D  and  2,4, 5-T,  a  newer  material  called  picloram 
or  Tordon  herbicide  (Table  1)  has  also  received  extensive  testing  and 
widespread  use  in  non-crop  areas.  The  mode  of  action  of  picloram  is 
similar  to  that  of  2,4-D  and  2,4,5-T  (4,  5,  6,  8,  16,  19,  21)  but  with 
a  greater  herbicidal  effectiveness  due  to  increased  mobility  and  re- 
sistance to  breakdown  within  the  plant  (6).  As  a  consequence  of  its 
resistance  to  breakdown,  picloram  introduced  into  the  biosphere  may 
persist  for  a  year  or  more  (7,  9,  12,  18)  in  contrast  to  2,4-D  and 
2,4,5-T  which  are  broken  down  more  rapidly  (11).  The  present  com- 
munication constitutes  a  preliminary  study  from  our  laboratory  dealing 
with  the  toxicity  of  2,4-D  and  picloram-containing  herbicides  to 
green  sunfish.  This  study  was  part  of  a  more  extensive  program 
concerning  the  mode  of  action  of  herbicides  of  the  auxin  type,  their 
derivatives  and  formulations,  and  their  effects  on  aquatic  ecosystems. 

Materials  and  Methods 

Green  sunfish  (Lepomis  cyanellus),  50-150  g,  were  maintained  in 
pond  water  at  24°C  with  continuous  aeration  and  on  artificial  diets. 
Fish  mortality  was  recorded  and  at  the  end  of  the  study,  fish  were 
examined  for  tissue  abnormalities.  The  livers  were  excised,  weighed 
and  sampled  for  histological  examination. 

For  electron  microscopy,  portions  of  the  livers  were  fixed  at 
0-4°  C  in  2.5%  glutaraldehyde  (Fisher,  Biological  Grade)  in  0.1  M 
sodium  phosphate  at  pH  7.2  followed  by  a  buffer  rinse  and  post  fixation 


1  Supported    in    part    through    a    project  sponsored    by    the    Joint    Highway    Research 

Project,    Department    of    Civil    Engineering,  Purdue    University    and    The    Indiana    State 

Highway    Commission.    Journal    Paper    4252.  Purdue    University    Agricultural    Experiment 
Station. 

114 


Cell  Biology 

Table  1.     Characteristics  of  2,4-D  and  picloram  derivatives. 
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Compound 


Abbreviation 


Chemical 
Structure' 


2,4-Dichloro- 

phenoxyacetic 

acid 


4-Amino-3,5,6- 

trichloropicolinic 

acid 


2,4-D 


Picloram 

(Tordon2) 


OCH2COOH 


0° 

CI 


COOH 

ckj 

CI 


1  Acid     (R=H)  ;    salt     (R=metal    ion    or    organic    amine);    ester     (R=long    chain    al- 
cohol) . 

2  Registered  trademark  of  the  Dow  Chemical  Company. 

in  1%  osmium  tetroxide  in  the  same  buffer.  Specimens  were  dehy- 
drated in  a  graded  acetone  series  and  embedded  in  Epon  (24).  Thin 
sections  were  post-stained  with  lead  citrate  (22)  after  being-  mounted 
on  carbon-coated  parlodion-covered  grids  and  were  viewed  with  a 
Philips  EM-300.   Magnifications  are  approximate. 

Table  2.     Effect    of    herbicide    formulations    on    the    swimming    response    of    green    sun- 
fish   (Lepomis  cyanellus) . 


Acid 

Average 

Equiva- 

Response 

Herbicide 

Concentration 

Formulation 

lent 

Time 

2,4-D 

5X10    M 

Acid 

99% 

No  effect  in  41  hr 

Li  +  Salt 

95% 

No  effect  in  41  hr 

Isopropyl-Diethylanolamine 

Salt 

28% 

No  effect  in  41  hr 

Butoxyethanol  Ester 

43% 

60  min 

Picloram 

5X10~*M 

Acid 

99% 

No  effect  in  41  hr 

Technical 

91% 

5  min 

K  +  Salt 

22% 

5  min 

Results 

With  2,4-D,  neither  the  acid  nor  commercial  salt  formulations 
were  toxic  to  green  sunfish  at  a  concentration  of  5  x  1(W  M  (110  ppm 
acid   equivalent)    (Table   2).    However,   at  this   same   concentration,   the 
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butoxyethanol  ester  of  2,4-D  proved  toxic  after  60  minutes  of  ex- 
posure. Similar  results  were  reported  previously  by  Butler  (1)  (Table 
3)  in  tests  using  three  salt  water  species  of  fish.  With  picloram, 
the  99%  analytical  grade  material  was  also  nontoxic  at  5  x  104  M 
(1.2  ppm,  acid  equivalent).  However,  both  the  91'%  technical  picloram 
and  the  22%  commercial  formulation  were  toxic  (Table  2)  suggesting 
the  presence  of  an  impurity  in  these  preparations.  Similar  toxicities  of 
picloram  to  fish  were  reported  by  Kenaga  for  rainbow  trout  and  other 
species  (17)  with  the  isocotyl  ester  being  at  least  10  times  more  toxic 
than  the  corresponding  amine  salts  (Table  4). 

Table    3.     Comparative    toxicity    of    2,4-D    formulations    to    fish     (Leiostomus    xanthurus, 
Fundulus  similus  and  Mugil  cephalus)1 

LC50 — ppm  ae 
Formulation  48  hr  Exposure 

Acid  no  effect  at  50  ppm 

Dimethylamine    salt  no  effect  at  15  ppm 

2-Ethylhexyl    ester  no  effect  at  10  ppm 

Propyleneglyeolbutylether  ester                                                                                                  4.5 

Butoxyethanol   ester  5.0 

1  From  Butler   ( 1 ) . 

Table     4.     Comparative     toxicity    of    picloram    formulations     to    rainbow     trout     (Salmo 

gairdnerii )  .1 

(LCoo — ppm  ae) 
Exposure  Time 


Formulation  Equivalent  24  hr  96  hr 

Triisopropanolamine     salt  55.8%  279  209 

Triethylamine     salt  70.5%  43  29 

Isooctyl    ester  68.3%  10  3 

1  From  E.  E.  Kenaga  (17). 

In  our  studies,  fish  were  quickly  immobilized  by  5  x  10  4  M  technical 
picloram  but  did  not  die.  Fish  treated  for  up  to  one  hour  with  this 
concentration  of  technical  picloram  recovered  motility  and  swam  nor- 
mally upon  return  to  pond  water  without  herbicide.  The  recovery 
time  varied  as  an  approximately  linear  function  of  the  treatment  time 
(Fig.  1).  After  recovery,  the  fish  were  then  given  a  second  exposure 
to  technical  picloram.  After  the  second  exposure  and  return  to  pond 
water  without  herbicide,  the  fish  again  began  to  swim  normally  but 
the  recovery  times  were  generally  shorter  (Fig.  1)  than  after  the 
first  exposure.  This  trend  continued  through  a  third  exposure  to 
technical  picloram  and  after  a  fourth  exposure  many  of  the  fish 
failed  to  even  respond,  i.e.  0  recovery  time. 

Liver  changes  were  observed  even  in  those  fish  exposed  to  104  M 
technical    picloram     (Table    4),    a    concentration    which    did    not    affect 
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Figure    1.      The    relationship    between    exposure    time    to    5    X    lO-i    M    technical    picloram 
(91%    acid)    and    subsequent    recovery    of    normal    swimming    response    of    green    sunfish 

(Lepomis  cyanellus). 


the  swimming  response.  Ultrastructural  changes  associated  with  ex- 
posure to  technical  picloram  included  the  disappearance  of  rough- 
surfaced  endoplasmic  reticulum  sheets  which  were  observed  in  all 
hepatocytes  from  untreated  fish  (Fig.  2)  and  a  conspicuous  increase 
in  a  tubular  or  vesicular  smooth  (lacking  ribosomes)  form  of  the 
endoplasmic  reticulum  (Fig.  3).  Treatment  of  fish  for  periods  of 
up  to  5  days  at  this  same  concentration  of  technical  picloram  did 
not  result  in  significant  changes  in  the  ultrastructural  pattern  (Fig. 
4)  from  that  observed  after  1  day  (Fig.  3). 
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Figure  2.  Electron  micrographs  of  fish  (Lepomis  cyanellus)  hepatocytes.  Of  interest 
are  endoplasmic  reticulum  profiles,  most  of  them  rough-surfaced  (covered  with  ribosomes) 
in  stacked  or  whorled  arrays  (RER)  interspersed  with  short  tubular  or  vesicular  profiles 
of  smooth  endoplasmic  reticulum  (SER)  (Left  X  36,000).  Most,  if  not  all,  mitochondria 
(M)  of  fish  hepatocytes  are  surrounded  by  lamellae  of  rough-surfaced  endoplasmic 
reticulum    (Right  X  32,000).     N=nucleus. 

Figure  3.  Electron  micrograph  of  a  fish  hepatocyte  after  2U  hours  exposure  to  lO-1*  M 
(91%  acid)  technical  picloram.  The  large  sheets  of  rough  endoplasmic  reticulum  are 
absent  and  in  their  place  are  expanses  of  a  tubular  or  vesicular  network  of  smooth 
endoplasmic  reticulum  (SER).  Ribosomes  are  lost  from  most  of  the  endoplasmic 
reticulum  around  the  mitochondria  (M)  as  well,  especially  from  the  cytoplasmic 
curface.    N=nuch.us.    X    35.000. 


Cell  Biology 


119 


Figure  4.  Electron  micrograph  of  a  fish  hepatocyte  after  5  days  of  exposure  to  lO-^  m 
technical  (91%  acid)  picloram.  Most  of  the  endoplasmic  reticulum  (SER)  is  smooth- 
stirfaced  and  vesiculated.  Mitochondria  (M)  and  nuclei  (N)  appear  unchanged  from 
1  day  of  exposure  to  technical  picloram  but  considerable  variation  was  encountered 
from  cell  to  cell.  The  appearance  of  hepatocytes  examined  after  2,  3,  U  and  5  days  of 
exposure  to  this  concentration  of  technical  picloram  were  similar.    X  13,700. 


As  a   first   step    in   determining   the   nature   of   the   toxic   impurity 

present  in  technical  picloram,   the   following-  compounds  were  obtained 
through  the  courtesy  of  the  Dow  Chemical  Company,  Midland,  Michigan: 

1 )  4-amino-3,5,6-trichloropicolinonitrile 

2)  2-(3,4,5,6-tetrachloro-2-pyridyl)  guanidine 

3 )  4-amino-2,3,5,6-tetrachloropyridine 

4)  6-amino-3,4,5-trichloropieolinic  acid 


as 


These  compounds  were  known  to  be  present  in  technical  picloram 
impurities    and    Compound    2,    illustrated    below,    was    toxic    to    fish 


(Fig.  5) 


N  =  C 


JMH 

imh. 


2-(3,4,5,6-tetrachloro-2-pyridyl)  guanidine 
The  other  3  impurities  tested  were  not  toxic  to  fish  at  a  concentration 
of  10-*  M  (Fig.  5)  and  the  swimming  response  of  the  fish  in  the  presence 
of  the  compounds  was  normal. 
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Table     5.     Effect     of     technical     picloram     (91%)     on     liver     weight     of     green     sunfish 

(Lepomis  cyanellus). 


Treatment 


Weight  of  Liver,  %  of  Body  Weight1 


5  Days 


9  Days 


Control 

Technical  picloram 
(91%  acid)   10-4M 


0.65  ±  0.28 
1.36  ±0.61 


0.56  ±0.16 
1.08  ±  0.36 


1  Averages  from  10  fish  ±  standard  deviation. 


© 


Figure  5.     Green    sunfish     (Lepomis    cyanellus)     representative    of    the    fish    used    in    this 

study   following    treatment    with    various    impurities   from    technical    picloram    (see    text). 

Impurity  2   was   toxic.   In  solutions   containing   the  other  three   compounds    (all  at   10-*  M 

concentrations),    the   fish   maintained  a   normal  swimming   response.     1/5   actual   size. 


Discussion 

With  its  relatively  low  toxicity  of  8,200  mg/kg  and  its  rapid  ex- 
cretial  rate  from  the  animal  body,  picloram  or  Tordon  Herbicide 
seems  to  present  no  serious  hazard  to  man  or  terrestrial  animals 
(17).  2,4-D  is  even  less  toxic.  The  toxicities  of  these  herbicides  to 
birds  has  been  reported  to  be  low  (17)  and  no  effect  on  reproduc- 
tion of  either  birds  or  fish  have  been  noted  (17).  As  summarized 
in  this  report,  the  acute  toxicity  of  picloram  or  2,4-D  to  fish  is 
also  low.  However,  the  use  of  ester  formulations  tends  to  increase 
toxicity  emphasizing  the  need  for  testing  specific  commercial  formu- 
lations, combinations  of  herbicides  and  combinations  of  herbicides 
with  other  types  of  water  pollutants. 

Pure  picloram  seems  to  be  virtually  without  effect  on  fish.  The 
fact  that  commercial  picloram  or  Tordon  Herbicide  has  an  LD™  to  fish 
in  the  range  10-500  ppm  (depending  on  species,  size  and  conditions 
of  exposure)  seems  to  arise  from  a  toxic  impurity  present  in  technical 
and  commercial  picloram  formulations.  At  concentrations  at  or  near 
the  LD50,  the  loss  of  swimming  response  is  reversible  and  upon  repeated 
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exposure,  the  fish  are  able  to  adapt  to  the  herbicide.  The  subacute 
response  is  accompanied  by  liver  enlargement,  loss  of  large  sheets 
of  rough-surfaced  endoplasmic  reticulum,  and  the  appearance  of  a 
vesicular  or  tubular  smooth  form  of  endoplasmic  reticulum.  Prolifera- 
tion of  smooth  endoplasmic  reticulum  is  a  phenomenon  commonly 
associated  with  the  response  of  liver  cells  to  a  variety  of  drugs  and 
pesticides  (2,  15,  20)  and  with  the  induction  of  relatively  non-specific 
steroid  and  drug  hydrolyzing  enzymes.  The  action  of  these  enzymes 
of  the  smooth  reticulum  is  to  make  the  drugs  more  water  soluble 
and  more  readily  excreted  from  the  organism. 

The  response  of  the  endoplasmic  reticulum  of  fish  liver  to  technical 
picloram  reported  here  is  different.  It  involves  disappearance  of  the 
rough-surfaced  sheets  of  endoplasmic  reticulum.  It  appears  that  the 
smooth  endoplasmic  reticulum  of  the  livers  from  fish  exposed  to 
technical  picloram  is  derived  from  rough-surfaced  endoplasmic  reticu- 
lum through  loss  of  ribosomes  and  vesiculation.  This  interpretation 
is  supported  by  the  observation  that  the  lamellae  of  rough-surfaced 
endoplasmic  reticulum  which  envelops  most  of  the  mitochondria  also 
lose  ribosomes  and  appear  smooth-surfaced  in  the  treated  cells. 

Again,  the  liver  changes  were  studied  only  with  the  technical 
picloram  and  may  very  well  be  a  response  to  one  or  more  of  the 
impurities  present  rather  than  to  the  actual  herbicide. 

It  has  been  the  practice  of  some  investigators  and  many  field 
biologists    to    regard    all   formulations    of   2,4-D    or   picloram    as    equal 
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Figure  6.  Diagram  illustrating  some  biological  responses  to  picloram  and  2,4-D 
herbicides  over  the  range  0  to  3  X  10-3  M.  The  midportion  of  the  diagram  shoivs  an 
expansion  of   the  range   0    to    10-5  M   and  the   bottom  scale  is   an   expansion   of   the   range 

0  to  10-eM. 
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in  phytotoxicity  and  toxicity  to  fish.  It  is  apparent  from  our  data 
and  the  data  of  others  (1,  3,  13,  14,  17)  that  the  formulation  used 
is  important.  In  shallow  water,  the  amount  of  an  ester  formulation 
required  to  secure  optimum  results  for  weed  control  (Fig.  6)  may 
result  in  dramatic  kill  of  fish,  not  from  the  basic  herbicide,  but  the 
manner  in  which  it  is  prepared  for  commercial  use.  However,  as 
illustrated  in  Figure  6,  the  concentrations  of  salt  formulations  of 
even  technical  picloram  which  are  toxic  to  fish  approach  the  maximum 
solubility  of  picloram  acid  in  water  and  are  at  least  an  order  of 
magnitude  greater  (10-fold)  than  those  which  might  be  expected  from 
accidental  or  direct  contamination  of  lakes  or  streams  through  normal 
use  practices.  On  the  same  basis,  the  toxic  concentrations  reported 
in  the  study  are  100-1000  fold  higher  than  what  might  be  expected  in 
terms  of  water  pollution  resulting  from  runoff  of  treated  soil  or 
vegetation.  Consequently,  these  herbicides  present  a  low  potential 
hazard  to  fish  from  normal  agricultural  or  industrial  practices. 
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Abstract 

A  large,  complex  Golgi  apparatus  consisting  of  many  closely  aligned  dictyosomea 
(stacks  of  Golgi  apparatus  cisternae)  is  characteristic  or  normal  hepatocytes  of  the 
green  sunfish  (Lepomis  cyanellus).  In  contrast,  livers  from  fish  exposed  for  24  hours 
to  KH1  Molar  technical  picloram  (91%  4-amino-3,5,6-trichloropicolinic  acid)  contained 
Golgi  apparatus  consisting  of  distinct,  often  widely  separated,  dictyosomes.  These 
results,  plus  other  examples  of  reversible  coalesence  and  separation  of  dictyosomes  to 
yield  alternating  compact  and  dispersed  forms  of  the  Golgi  apparatus,  support  the 
concept  that  all  Golgi  apparatus  share  a  common  pattern  of  organization  based  on 
varying  degrees  of  association  among  dictyosome  subunits. 

The  Golgi  apparatus  has  been  defined  as  that  part  of  the  cell's 
endomembrane  system  consisting  of  interassociated  dictyosomes  (3, 
5).  This  definition  of  the  Golgi  apparatus  is  based  on  morphological 
concepts  not  yet  universally  accepted  due  to  differences  of  opinion 
and  terminology  that  exist  among  investigators.  However,  a  defini- 
tion based  on  the  organization  of  dictyosome  subunits  into  Golgi 
apparatus  facilitates  the  recognition  that  all  Golgi  apparatus,  both 
plant  and  animal,  may  share  a  common  pattern  of  organization. 

By  the  above  definition,  the  form  and  extent  of  Golgi  apparatus 
will  vary  from  cell  to  cell  depending  on  how  the  dictyosomes  are 
arranged  (Fig.  1).  In  the  Golgi  apparatus  of  plants,  invertebrates 
and  some  animal  germ  cells,  the  dictyosomes  are  concentrated  in 
certain  regions  of  the  cytoplasm  but  appear  as  discrete  organelles. 
This  arrangement  we  refer  to  as  the  "dispersed"  form  of  the  Golgi 
apparatus  (Fig.  1A).  In  most  somatic  cells  of  higher  animals,  the 
dictyosomes  are  arranged  end  to  end,  close  together,  in  a  localized, 
often  curved,  array.  This  we  refer  to  as  the  "compact"  form  of  the 
Golgi  apparatus  (Fig.  IB). 

Evidence  presented  in  this  paper  demonstrates  that  under  ap- 
propriate conditions,  both  the  dispersed  and  compact  form  of  Golgi 
apparatus  exist  in  the  same  cell  type.  The  results  support  our  con- 
tention that  all  Golgi  apparatus  share  a  common  pattern  of  organization 
based  on  varying  degrees  of  association  among  dictyosomes. 


1  Supported    in    part    by    a    grant    from    the    NSF    GB    23183.     Journal    Paper    4258. 
Purdue  University  Agricultural  Experiment  Station. 
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Figure  1.  Diagram  illustrating  principal  forms  of  the  Golgi  apparatus.  Arrows 
indicate  individual  dictyosomes  (stacks  of  plate-like  regions  of  Golgi  apparatus 
cisternae,  the  "'saccules",  interrupted  by  discontinuous  Uibular  or  fenestrated  regions). 
A.  The  dictyosomes  are  dispersed  as  is  characteristic  of  plants,  invertebrates  and  some 
animal  germ  cells.  B.  The  dictyosomes  are  compactly  arranged  to  form  a  localized, 
curved  array  as  is  characteristic  of  most  somatic  animal  cells.  C.  A  variation  of  the 
compact    form    of    the    Golgi    apparatus    in    tvhich    the    dictyosomes    are    arranged    in    a 

cylindrical  array. 


Materials  and  Methods 

Green  sunfish  (Lepomis  cyanellus),  50-150  g,  were  maintained  in 
pond  water  at  24  °C  with  continuous  aeration  in  the  presence  or 
absence  of  10-1  M  technical  picloram  (91%  4-amino-3,5,6-trichloropico- 
linic  acid).  After  24  hours,  the  livers  were  excised  and  portions  fixed 
at  0-4°   C  in  2.5%   glutaraldehyde    (Fisher,  Biological  Grade)   in  0.1  M 
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sodium  phosphate  at  pH  7.2  followed  by  a  buffer  rinse  and  post 
fixation  in  1%  osmium  tetroxide  in  the  same  buffer.  Specimens  were 
dehydrated  in  a  graded  acetone  series  and  embedded  in  Epon  (9). 
Thin  sections  were  post-stained  with  lead  citrate  (7)  after  being 
mounted  on  carbon-coated,  parlodion-covered  grids  and  were  viewed 
with  a  Philips  EM-200.   Magnifications  are  approximate. 

Results 

In  normal  fish  livers,  the  cells  contain  Golgi  apparatus  of  con- 
siderable complexity  (Fig.  2).  The  numerous,  closely  spaced  dictyo- 
somes  are  compactly  arranged  into  a  distinct  Golgi  apparatus  zone 
with  secretory  vesicles  at  one  or  both  faces.  The  Golgi  apparatus 
may  appear  straight,  curved  or  cylindrical.  In  Figure  2,  the  Golgi 
apparatus  is  in  the  form  of  a  hollow  cylinder  with  the  system  of 
interassociated  dictyosomes  forming  the  wall  of  the  cylinder  (cf.  Fig. 
1C). 


Figure  2.  Electron  micrograph  of  a  portion  of  the  Golgi  apparatus  from  the  liver 
of  a  control  fish  showing  the  compact  arrangement  of  dictyosomes  in  cylindrical  array 
(compare  with  Figure  lC).  Two  types  of  secretory  vesicles  are  illustrated.  One  has  a 
compact  appearance  with  many  small,  dark-staining  particles  and  often  a  dark- 
staining  matrix  (svj).  The  other  has  a  swollen  appearance  with  scattered  dark- 
staining    particles    of    larger    diameter    and    a    non-staining    matrix    (svj).    Compare    with 

Figure  4.    X  32,300. 


Livers  of  fish  treated  for  24  hours  with  5  x  lO4  M  picloram  were 
characterized  by  Golgi  apparatus  consisting  of  discrete  dictyosomes, 
frequently  widely  separated,  within  the  Golgi  apparatus  zone  (Fig.  3). 
Frequently  the  dictyosome  cisternae  were  curled  or  in  the  form  of 
rings. 
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Figure  3.  Electron  micrograph  of  a  portion  of  the  Golgi  apparatus  from  the  liver 
of  a  fish  exposed  for  2k  hours  to  JO-1*  M  technical  picloram  (91%  b-amino-3,5,6- 
trichloropicolinic  acid)  showing  the  dispersed  arrangement  of  dictyosomes  (Di-De).  D6 
is  sectioned  tangentially  and  reveals  a  portion  of  a  cisterna  in  face  view  with  a 
central  plate-like  region  (P)  and  tubules  (T)  at  the  periphery  of  the  plate  or 
"saccule" .  Lipoprotein  particles  are  restricted  to  elements  of  the  smooth  reticulum  and 
the    swollen    vesicles    (svs)    which    contain    the   large    lipoprotein   particles.     X   33,500. 


In  normal  fish  livers,  secretory  vesicles  of  the  Golgi  apparatus 
contain  darkly  osmiophilic  particles  250-600  A  in  diameter  corresponding 
to  lipoprotein  particles  of  mammalian  hepatocytes  (Figs.  2  and  4). 
Similar  staining  particles,  but  frequently  of  larger  diameter  (500- 
650  A),  are  found  within  the  cavities  of  the  smooth  endoplasmic 
reticulum  and  in  the  sinusoidal  space  suggestive  of  secretory  activity. 
Additionally,  lipoprotein-containing  secretory  vesicles  of  the  Golgi  ap- 
paratus appear  to  be  of  two  types.  One  type  has  a  compact  appear- 
ance with  many  small,  dark-staining  particles  and  a  dark-staining 
matrix.  The  other  has  a  swollen  appearance  with  scattered  dark- 
staining  particles  of  larger  diameter  and  a  non-staining  matrix  (Fig. 
4).  In  livers  of  fish  treated  for  24  hours  with  5  x  10~4  M  picloram, 
conspicuous  lipoprotein-containing  secretory  vesicles  were  absent  from 
the  Golgi  apparatus  although  lipoprotein  particles  were  still  present 
in  the  smooth  endoplasmic  reticulum.  The  type  of  secretory  vesicle 
characterized  by  a  dark  matrix  was  completely  absent  from  livers 
of  treated  fish  but  a  few  of  the  swollen  vesicles  containing  larger 
lipoprotein  particles  remained  associated  with  the  dictyosomes.  (Fig. 
3). 

Discussion 

Dictyosomes  of  the  Golgi  apparatus,  or  simply  dictyosomes,  are  the 
individual    stacks    of   plate-like    cisternae    and   associated   tubules   which 
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Figure  4.  As  in  Figure  2  but  showing  the  two  types  of  secretory  vesicles  more 
clearly.  Segments  of  smooth  endoplasmic  reticulum  (SER)  containing  large  lipoprotein 
particles  are  located  at  the  Golgi  apparatus  periphery  and  at  the  top  of  the  micro- 
graph. Continuity  between  smooth  endoplasmic  reticulum  (SER)  and  a  secretory 
vesicle   (svi)    18  shown  at  the  arrow.    X  39,000. 


form  the  Golgi  apparatus  of  plant  and  animal  cells  (3,  5).  The  in- 
dividual dictyosomes  of  a  Golgi  apparatus  may  be  compactly  arranged 
into  distinct  Golgi  apparatus  zones  as  in  normal  fish  livers  and 
most  mammalian  cells,  or  dispersed  in  the  form  of  distinct  subunits 
within  the  Golgi  apparatus  zone  as  in  picloram-treated  fish,  plants, 
invertebrates  and  germ  cells  (cf.  Fig.  1).  As  discussed  in  an  accompany- 
ing report  (8),  we  do  not  know  what  material  contained  in  the  91% 
technical  picloram  is  responsible  for  the  ultrastructural  changes.  Pi- 
cloram  itself  is  relatively  non-toxic  to  fish  but  an  impurity,  2- (3,4,5,6- 
tetrachloro-2-pyridyl)  guanidine,  is  highly  toxic  (8)  and  may  be  the 
active  material. 

As  discussed  by  Morre  et  al.  (5),  the  formation  of  large,  complex 
Golgi  apparatus  consisting  of  many  closely  aligned  dictyosomes  could 
result  from  either  the  aggregation  of  widely  spaced  dictyosomes  or 
from  multiplication  of  dictyosomes  without  extensive  separation.  The 
first  of  these  interpretations  is  favored  in  spermatids  where  rapid 
fusion  of  dictyosomes  forms  the  large,  aggregate  Golgi  apparatus  of 
the  acroblast  (2,  6).  The  second  interpretation  is  favored  in  studies 
of  the  fungus  Pythium  aphanidermatum  where  closely  spaced  dictyo- 
somes are  observed  during  cell  division  when  dictyosome  multiplication 
occurs   (C.  E.  Bracker,  S.  N.  Grove  and  D.  J.  Morre,  unpublished  data). 

Reversible  fusion  and  separation  of  dictyosomes  to  yield  alternating 
compact  and   dispersed   Golgi   apparatus  was   reported   by   Pollister   (6) 
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during  early  stages  of  spermatogenesis  in  Gerris,  in  maize  roots 
subjected  to  cold  treatment  (4)  and  by  Heintz  and  Bracker  (C.  Heintz 
and  C.  E.  Bracker,  unpublished  data).  In  the  study  by  Heintz  and 
Bracker,  Golgi  apparatus  in  sporangia  of  the  fungus  Pythium  middle- 
tonii  shortly  before  cell  cleavage  to  form  zoospores  appear  as  clusters 
of  closely  associated  dictyosomes.  Subsequently,  and  at  other  stages 
of  the  life  cycle,  these  specialized  formations  of  dictyosomes  are  lacking, 
and  the  Golgi  apparatus  consists  of  separated  dictyosomes. 

The  results  show  that  both  the  dispersed  and  compact  forms  of 
the  Golgi  apparatus  can  exist  within  the  same  cell  type  and  that 
the  Golgi  apparatus  of  plant  and  animal  cells  are  homologous  struc- 
tures. Except  to  insure  synchronous  function  (3),  there  is  little  evi- 
dence to  explain  how  the  degree  of  association  might  affect  dictyosome 
function. 
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Abstract 

Lipophilic  chloroplast  quinone  types — plastoquinones  A,  B  and  C,  vitamin  K:,  and 
tocopherolquinones — were  determined  in  mineral-deficient  maize  plants  grown  in 
nutrient  culture.  The  lack  of  each  of  the  major  mineral  elements — nitrogen,  phosphorus, 
potassium,  sulphur,  magnesium  and  calcium — affected  the  chloroplast  quinone  content 
in  distinct  ways.  Ca  deficiency  showed  a  high  PQ  A  and  PQ  C  content,  N  deficiency 
reduced  PQ  A,  B  and  C  content ;  P  and  S  deficiencies  reduced  only  the  amount  of  PQ  A 
present,  K  deficiency  resulted  in  low  PQ  A  but  an  accumulation  of  PQ  B  and  PQ  C 
types,  Mg  deficiency  gave  low  PQ  A  and  PQ  B  but  high  PQ  C  values.  On  the  basis  of 
this,  a  scheme  for  the  participation  of  each  major  mineral  element  in  the  biosynthesis 
and  the  interconversion  of  plastoquinone  types  is  proposed.  The  correlation  between  the 
size  of  osmiophilic  globules  and  lipophilic  quinone  content  is  also  discussed.  In 
contrast  to  senescent  plants  where  an  increased  PQ  content  results  in  increased 
osmiophilic  globule  size,  in  mineral  deficient  plants  no  correlation  between  PQ  content 
and  osmiophilic  globule  size  can  be  established. 

Many  previous  studies  describe  mineral  deficiencies  of  higher 
plants  (6,  7,  8,  9,  11,  12,  13,  15)  and  try  to  correlate  the  fine  structure  of 
the  chloroplasts  of  such  plants  with  photosynthetic  reactions  (9). 
However,  no  single  study  undertakes  to  examine  the  lipophilic  chloro- 
plast quinone  content  of  the  same  species  in  nutrient  culture  under 
conditions  of  all  six  major  mineral  element  deficiencies — S,  Mg,  Ca, 
N,  P  and  K.  This  is  a  determination  of  how  the  various  major  mineral 
element  deficiencies  affect  the  plasto-  and  tocopherolquinone  content 
of  maize  chloroplasts.  In  a  related  study  by  our  group  the  fine  struc- 
ture of  chloroplasts  from  the  same  plants  is  correlated  with  each 
major  mineral  element  deficiency. 

Materials  and  Methods 

Maize  seed  (H  55  X  C  103  Rf)  was  obtained  from  the  Agricultural 

Alumni    Seed    Association,  Lafayette,    Indiana,    "Krum"    for    growing 

plants    in    nutrient    culture  from    the    Silbrico    Corp.,    6300    River    Rd., 
Hodgkins,  Illinois  60525. 

All  solvents  for  the  extraction  of  lipids  from  leaves  were  reagent 
grade.  Heptane  from  the  Phillips  Petroleum  Co.  was  redistilled  before 
use. 


1  Supported  by  N.S.F.  grant  GB  5701  (R.B.)  and  National  Institute  of  General 
Medical  Science  Career  grant  K6-21839  (F.L.C. ),  Training  Riant  GM  01392  (J.D.H.), 
and  U.S.D.A.  Krant  No.  12-14-100-10292  (20)  and  N.A.S.A.  grant  NCR  15-005-112 
(A.H.  Al-Abbas). 
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Seeds  were  germinated  in  "Krum"  in  flats  in  the  greenhouse  and 
watered  with  deionized  water  until  the  seedlings  showed  2-4  leaflets 
(4-7  days).  At  this  stage,  the  remains  of  the  kernel  were  pinched  off 
from  each  seedling,  and  the  seedlings  were  transplanted  in  groups  of 
4-6  into  glazed  earthenware  culture  flasks  filled  with  "Krum."  After 
this,  each  set  of  deficient  plants  (S,  Mg,  Ca,  N,  P,  and  K)  was  watered 
with  nutrient  solutions  recommended  by  Hoagland  and  Arnon  (4)  to 
induce  the  various  mineral  deficiencies.  The  control  plants  received 
a  complete  nutrient  solution  at  all  times. 

Since  plants  suffering  from  N,  P  and  K  deficiencies  were  severely 
stunted,  another  set  of  plants  was  grown  allowing  normal  development 
to  proceed  for  4  weeks  before  inducing  these  3  deficiencies.  Thus 
more  leaf  material  became  available  for  study. 

Leaf  samples  for  lipophilic  quinone  extraction  were  collected  from 
8-week-old  plants  in  case  of  S,  Mg,  and  Ca  deficiencies  and  12-week-old 
plants  in  case  of  N,  P  and  K  deficiencies. 

Chloroplast  quinones  were  extracted  from  30-60  g  of  fresh  leaves 
by  the  methods  of  Barr,  Henninger  and  Crane  (2).  Quinones  were 
separated  and  purified  on  an  alumina  column  (Merck's  acid-washed 
alumina  treated  with  6%  water)  with  0.2  -35%  diethyl  ether  in 
petroleum  ether  as  eluants  for  various  fractions.  Amounts  of  each 
quinone  were  assayed  spectrophotometrically  after  reduction  with 
sodium  borohydride  (2).  The  identity  of  each  quinone  was  double- 
checked  by  spotting  on  thin  layer  plates  with  appropriate  standards. 

Absorption  spectra  of  whole  leaves  were  measured  with  a  Unicam 
SP.  800  spectrophotometer.  Leaf  sections  (1x3  cm)  were  cut  with  a 
razor  blade  and  taped  to  pieces  of  thin  glass  with  Scotch  tape  before 
insertion  in  a  cuvette  holder  in  the  space  provided  for  samples.  Spectra 
were  taken  against  an  opaque  glass  strip  inserted  in  the  cuvette 
holder  in  place  of  a  standard.  The  opaque  glass  was  used  to  minimize 
scattering  effects. 

Results 

The  macroscopic  symptoms  of  the  six  major  mineral  deficiencies 
studied  in  maize  leaves — S,  Mg,  Ca,  N,  P,  and  K — are  depicted  in 
Figure  3.  S  deficiency  is  expressed  as  severe  chlorosis,  Mg  deficiency 
as  replacement  of  chlorophyll  by  red  anthocyanin  pigments,  especially 
in  the  tips  of  older  leaves;  Ca  deficiency  by  curling  and  distortion  of 
the  younger  leaves,  P  deficiency  by  the  darkening  of  green  areas  and 
the  appearance  of  red  pigments  along  the  leaf  tips  and  margins  of  the 
leaf;  K  deficiency  by  yellowing  and  death  of  bottom  leaves  and  lighter- 
green  appearance  of  top  leaves.  N,  P  and  K  deficiencies  are  also 
accompanied  by  severe  stunting  unless  treated  as  described  in  the 
Methods  section. 

The  absorption  spectra  of  these  leaves  are  shown  in  Figures  1  and 
2.  It  can  be  seen  that  all  deficient  leaves  except  Ca  have  a  relatively 
lower  absorbance   in   the   chlorophyll   a   region    (660-680   nm).     The   red 
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Figure    1.     The    absorption    spectra    of    whole    S-,    Mg-    and    Ca-deficient    maize    leaves 
compared  to  the  spectrum  of  a,  normal  maize  leaf.  Spectra  recorded  against  opaque  glass. 


2.0r^ 


400 


450 


500  550  600 

Wavelength  (nm) 


650 


700 


FIGURE    2.      The    absorption    spectra    of    whole    N-,    P-    and    K-deficient    maize    leaves    com- 
pared  to    the   spectrum    of    a    normal    maize    leaf.    Spectra    recorded    against    opaque    glass. 
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Figure    3.      The    macroscopic    differences    between    six    types    of    mineral-deficient    maize 

leaves    compared    to    a    normal    maize    leaf.    lA-control;    lB-S    deficient;    iC-Mg    deficient; 

lD-Ca  deficient;  2A-control;  2B-N  deficient;  2C-P  deficient;  2D-K  deficient. 


anthocyanin    pigments    found    in    Mg    deficient    leaves    show    increased 
absorbance  in  the  530-550  nm  region. 

Table  1  shows  the  severity  of  each  deficiency  by  comparing  a 
mineral  element  analysis  of  each  type  of  deficient  leaf  to  mineral 
elements  of  a  normal  leaf. 

Table  2  compares  the  dry  weights  (as  %  of  wet  weight)  and 
chlorophyll  a  to  chlorophyll  b  ratios  in  six  different  types  of  mineral- 
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Table  1.     A  summary  of  mineral  element  analysis  of  deficient  maize  leaves 
compared  to  normal  maize  leaves.1 


Per  Cent  of  Di 

■y  Weight 

Designation 

N 

P 

K 

Mg 

Ratio  deficient/control 

Control 

2.2 

0.26 

1.88 

0.4!) 



—  N 

1.1 

0.14 

2.08 

0.24 

50% 

—  P 

1.8 

0.07 

1.80 

0.38 

27% 

—  K 

2.2 

0.34 

0.31 

1.04 

17% 

-Mg    (red) 

2.S 

0.62 

5.26 

0.04 

8.2% 

J  Mineral   element  analysis  performed   by   International   Minerals   Corporation,   Growth 
Science  Center,  Libertyville,  Illinois  60048 

deficient  maize  leaves.  It  can  be  seen  that  by  percent  the  dry  weights 
of  the  12-week-old  N,  P,  and  K  deficient  plant  series  are  higher 
than  the  8-week-old  S,  Mg  and  Ca  deficients,  with  the  exception  of 
the  reddish  tips  of  Mg  deficient  leaves  which  were  drier  on  the  plant 
than  the  green  leaves. 

According  to  Table  2,  the  amounts  of  chlorophyll  per  g  dry  weight 
vary  greatly  (1.54-15.43)  while  the  ratios  of  chlorophyll  a  to  chloro- 
phyll b  are  more  constant  throughout  the  whole  series  except  in  N 
deficiency. 

Table  3  shows  the  types  of  lipophilic  quinones  that  occur  in  each 
of  the  deficient  maize  leaves  examined  and  the  amounts  per  unit  dry 
weight.  Since  variations  in  the  quinone  content  occur  within  the  same 
plant  (1),  a  change  of  less  than  50%  in  quinone  content  is  arbitrarily 
disregarded  as  probably  not  significant.  By  such  standards,  the  PQ  A 
content  is  low  in  the  green  parts  of  Mg  deficient  plants  and  in  N,  P, 
and  K  deficiencies.  Thin  layer  chromatography  of  the  various  PQ  A 
fractions  substantiates  this  (Fig.  4,  1),  PQ  B  is  substantially  higher 
in  K  deficient  leaves  (ibid;  spots  below  PQ  A  but  above  Qio  standards 
are  PQ  B).  The  lowest  vitamin  K  content  is  found  in  S  deficiency  and 
the  red  parts  of  Mg  deficiencies  (Fig.  4,  2).  PQ  C  is  higher  in  the 
green  parts  of  Mg,  Ca,  and  K  deficiencies  (Fig.  4,  3).  The  oc-TQ  con- 
tent is  high  in  the  affected  parts  of  Ca  deficiency  but  low  in  N  and  K 
deficiencies  (Fig.  4,  4). 

Discussion 

Several  species  of  mineral  deficient  higher  plants  have  been  used 
to  study  photosynthesis  by  means  of  the  Hill  reaction  (9).  Deficient 
plants  generally  yielded  lower  rates  than  normal  plants.  Since  plasto- 
quinone  A  has  been  implicated  as  a  member  of  the  electron  transport 
chain  between  Photosystems  I  and  II  (3),  the  question  arose  whether 
the  lower  Hill  reaction  rates  encountered  in  deficient  plants  were  caused 
by  lower  levels  of  PQ  or  whether  they  were  also  affected  by  the 
presence  of  other  lipophilic  chloroplast  quinones,  such  as  members  of 
the  PQ  B  or  PQ  C  series  and  tocopherolquinones.  For  this  reason  we 
analysed   maize  leaves   deficient   in   all   the   major  mineral   elements — S, 


Cell  Biology 


135 


0     > 

3   >• 


f   | 


Q 


+,    be 


Oi0»O«>C00000i-HC0t- 

ci-fwaoot-ioooo^o 


IS    00     lO    31    »    ^t 
H    00    M    N    ■*    N 


N    N    »    » 


»Hooo>t'OOHO^ 
a>iMinoiotcait-_o 
Noo'iflwaiwaiooN 


OOOL-OOOOirtOO 


»      j      10 
|     «      &    I 

■8  81 8 

«    C8     t« 

bC    bt 


o  o 

g        be  be   (j    jg    g 

S     I     I      I      I     I    U    I     I     I 


T3     O- 


^  ^ 


OOOOOOCO^OOW 

oooooooooo 
oooooooooo 

WWW  V 


TfHH^NIBOlHNffl 

oooooooooo 


CMt-t-iOOSOt-irt 

0"t<COOJt->-l-<*i-l 


oooooooooo 


t-  lO  M  t» 

■^   ^*  tO      -*> 

oooooooooo 
oooooooooo 


M'tt-OOirtOlHieN 

Tj<t-i-Hoomooi-H»-H«o 
ooooooo'ooo 


NOO«Bt-W«lOMO 
rHOOIMO(Mi-;Oi-l(M 

oooooooooo 


OOOOOOOOOtM 
OOOOOOOOOO 


•'lil-MOOM'fOlOlO'* 
OOOC-^HCOi-HCO-^fOO 
.-HOOOrHIMrHOOO 
OOOOOOOOOO 


ft 

t 
g    be 


5    ft 
ft 


_   w    be 

I         bj   *   cs    a 

C   GQ    S    S    O    U 

SIMM 


C  £  Ah  M 

Sim 


13f> 


Indiana  Academy  of  Science 


i 


m  i 

if 


* 


*4» 


JrhR.     '* 


ABiDEFCHI 


ABC  DE  F  GH  I 


'   4 


*B  r  I)  K  F  CHI 


ABCDEFGH  I 


Figure  4.  Thin-layer  chromatography  of  quinone  types  of  six  different  major  mineral- 
deficient  maize  leaves  compared  to  quinones  of  normal  maize  chloroplasts.  A-J  refer 
to  deficiencies  in  the  following  order:  -N,  -P,  -K,  control;  -S,  -Mg(red),  -Mg (green), 
-Ca(  affected),  -Ca(  green)  and  control.  Silica  gel  GHR  plates  developed  in  varying 
concentrations  of  chloroform-heptane  (80:20  to  50:50),  sprayed  with  reduced  Nile  blue 
spray  and  photographed  under  ultraviolet  light  (350  nm).  1)  Plastoquinone  A  series 
against  standard  vitamin  Ki,  PQ  A,  UQio,  PQ  Cs-e  and  a-TQ  spots  in  the  order 
indicated  from  left  to  right.  2)  Vitamin  Ki  series  against  standard  vitamin  Ki  spot.  3) 
Plastoquinone  Ci-g  series  against  standard  UQio  and  PQ  Cs-6  spots,  h)  a-Tocophcryl- 
quinone  series  against  standard  a-,  $-,  T  and  -toeoplu  rylquinone  spots  in  the  order 
indicated  from  left  to  right. 
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Mg,  Ca,  N,  P,  and  K — for  their  chloroplast  quinone  content  and  if 
possible,  to  correlate  the  quinone  content  to  the  fine  structure  of  each 
type  of  chloroplast. 

An  elemental  analysis  of  N,  P,  K  and  Mg  deficient  leaf  types 
(Table  1)  shows  that  our  deficiencies  had  a  lower  mineral  content. 
A  corresponding  lipophilic  quinone  analysis  (Table  3)  could  theoretically 
provide  an  answer  to  the  following-  question:  1)  Does  the  lack  of  a 
certain  quinone  type  under  a  particular  deficiency  suggest  the  need 
for  this  element  in  the  biosynthesis  of  this  quinone?  2)  Does  over- 
abundance of  a  particular  kind  of  quinone  imply  that  a  certain  mineral 
element  is  involved  in  the  interconversion  of  lipophilic  chloroplast 
quinones  and  does  the  lack  of  this  element  result  in  the  accumulation 
of  quinones  previous  to  this  block?  3)  Does  a  low  total  PQ  (PQ  A, 
PQ  B  and  PQ  C  combined)  imply  that  a  certain  mineral  element 
affects  early  precursors  in  plastoquinone  biosynthesis  ? 

Examining  the  data  obtained  in  this  study,  the  most  significant 
points  are  as  follows:  a  low  total  PQ  content  in  S,  N  and  P  de- 
ficiencies (Table  3).  The  lack  of  these  elements  thus  seems  to  affect 
PQ  precursors  in  the  mevalonate  pathway.  It  is  known  that  lack  of 
S  results  in  decreased  coenzyme  A  levels  which  prevent  mevalonate 
biosynthesis  and  thus  results  in  decreased  prenyl  sidechain  availability 
for  PQ  biosynthesis.  Likewise,  lack  of  P  could  affect  the  isopentanyl 
pyrophosphate  pathway  of  prenyl  sidechain  synthesis.  Nitrogen  de- 
ficiency is  expected  to  increase  the  levels  of  non-nitrogenous  sub- 
stances, such  as  starch  and  possibly  plastoquinones,  but  that  is  not 
the  case  with  PQ,  as  our  data  show.  Similar  results  were  obtained 
by  Tendille,  Gervais  and  Gaborit  (10)  who  found  a  decrease  of  PQ 
A  in  N  and  S  deficient  maize  plants. 

A  low  PQ  A  content  in  the  green  parts  of  Mg  deficiency  and  a 
higher  but  still  suboptimal  amount  in  the  red  parts  of  Mg  deficiency 
can  be  correlated  to  the  development  of  the  monocot  leaf  in  which 
the  tip  part  is  the  oldest  and,  therefore,  accumulated  as  much  PQ 
A  as  it  could  before  severe  deficiency  set  in  at  later  stages.  In  the 
green  Mg  deficient  parts  there  is  also  an  increased  amount  of  PQ 
C  present  implying  that  lack  of  Mg  stimulates  the  conversion  of  PQ 
A  to  PQ  C.  A  virtual  absence  of  PQ  B  in  the  green  parts  of  Mg 
deficient  leaves  may  also  imply  that  Mg  is  required  in  the  conversion 
of  PQ  C  to  PQ  B  or  that  hydrolysis  of  PQ  B  is  stimulated  in  absence 
of  Mg. 

In  K  deficiency,  low  PQ  A  is  associated  with  a  slightly  increased 
amount  of  PQ  C  but  an  abundance  of  PQ  B.  Thus  in  the  absence  of 
K,  most  PQ  remains  esterified  and  the  part  that  is  converted  to  PQ 
C  still  cannot  be  dehydroxylated  to  yield  PQ  A.  Thus,  Mg,  K  and 
Ca  seem  to  affect  reactions  involved  in  the  interconversion  of  PQ 
types. 

In  summary,  on  the  basis  of  total  PQ  values  or  the  predominance 
of  one  type  of  quinone  over  another,  the  following  scheme  for  mineral 
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This  scheme  is  based  on  Wallwork  and  Crane  (14)  where  PQ  A 
gives  rise  to  PQ  C,  a  quinone  which  differs  from  PQ  A  by  the  presence 
of  a  hydroxyl  group  in  the  isoprenoid  sidechain,  and  where  PQ  C  can 
be  esterified  to  yield  PQ  B  or  further  peroxidation  products,  such  as 
PQ  Z. 

The  number  and  size  of  osmiophilic  globules  seen  in  chloroplasts 
by  electron  microscopy  may  be  influenced  by  the  amount  of  lipophilic 
quinones  present.  Lichtenthaler  (5)  found  a  positive  correlation  be- 
tween the  size  of  plastoglobuli  and  the  amount  of  plastid  quinones 
and  carotenoids.  Large  globules  with  an  increased  content  of  PQ 
and  oc  -tocopherol  are  especially  prominent  during  senescence. 

An  examination  of  osmiophilic  globules  from  mineral  deficient 
maize  plants  by  Hall  et  al.  (unpublished  data)  leads  to  a  tentative  con- 
clusion that  in  S,  Mg  and  N  deficiencies  where  a  reduced  number  of  chlor- 
oplasts are  detected  in  the  mesophyll  cells  of  the  leaf  and  where  the  total 
plastoquinone  content  is  lower  compared  to  control  plants,  the  size 
or  number  of  osmiophilic  globules  is  not  necessarily  reduced.  Con- 
versely, in  the  green  parts  of  Ca  deficient  and  K-deficient  plants  where 
the  total  plastoquinone  content  is  higher,  the  number  and  size  of 
plastoglobuli  is  not  always  increased.  Thus,  conclusions  about  a 
correlation  between  osmiophilic  globules  and  lipophilic  chloroplast 
quinone  content  in  mineral  deficient  plants  are  only  tentative  because 
three  or  more  factors  may  be  responsible  for  increased  globule  dimen- 
sions: 1)  an  increase  in  lipophilic  quinones  directly,  2)  an  accumulation 
of  lipophilic  quinone  precursors  in  globules,  3)  an  accumulation  of 
unrelated  substances.  Which  of  the  above  factors  are  operating  re- 
quires further  study  but  it  is  clear  that  osmiophilic  globule  size  can 
not  be  directly  correlated  to  the  plastoquinone  content  of  mineral 
deficient  plants  in  contrast  to  senescent  plants  (5). 
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ABSTRACTS 

Synthesis    and    Purification    of    Phthalocyaninogermanium    (II).     C.    L. 

Thrall  and  R.  D.  Joyner,  Department  of  Chemistry,  Ball  State  Uni- 
versity,   Muncie,    Indiana   47306. The   reaction   of  phenyl   germanium 

hydride  with  metal-free  phthalocyanine  to  apparently  give  phthalocy- 
aninogermanium  (II)  was  described  by  Stover  and  Joyner  in  Volume 
78,  Proceedings  of  the  Indiana  Academy  of  Science.  Analytical  data 
were  not  then  conclusive.  The  synthesis  of  this  compound  by  the 
reaction  of  sodium  borohydride  with  dichlorophthalocyaninogermanium 
(IV)  was  described.  The  phthalocyaninogermanium  (II)  compound  was 
also  purified  and  analyzed.  Chemical  studies  show  this  compound  to 
be  relatively  inert,  particularly  when  it  is  compared  with  the  correspond- 
ing tin  compound. 

The  Contribution  of  Lattice  Defects  to  the  Heat  Capacity  of  Crystalline 
Materials.  J.  H.  Meiser,  Department  of  Chemistry,  Ball  State  Uni- 
versity,  Muncie,   Indiana  47306;   J.   E.   Davison,   and   G.   W.   Lawless, 

Research    Institute,    University    of    Dayton,    Dayton,    Ohio    45409. 

A  detailed  consideration  of  the  contribution  of  the  formation  and 
migration  of  lattice  defects  to  the  heat  capacity  of  a  series  of  metals 
was  made.  This  series  includes  Ag,  Al,  Au,  Cu,  Li,  Na,  Pb,  Pt,  and 
W.  We  showed  that  the  exponential-like  upward  trend  of  the  C„  versus 
temperature  curve,  as  observed  for  the  above  metals  near  their  melting 
point,  can  be  ascribed  to  the  presence  of  lattice  defects.  The  preceding 
development  also  includes  a  brief  background  describing  the  main 
contributors  to  metallic  heat  capacities:  harmonic  and  anharmonic 
lattice  vibrations  and  the  electronic  contribution. 

Further  Studies  of  a  Cyanamide  Complex  of  Iron  (II).  F.  J.  Holler 
and    R.    D.   Joyner,    Department    of   Chemistry,    Ball    State    University, 

Muncie,  Indiana  47306. A  pentacyanocyanamide  complex  of  iron  (II) 

appears  to  exist  as  a  dimer  in  aqueous  solution.  The  complex  is  readily 
formed  in  basic  solutions  of  sodium  pentacyanoaquoferrate  (II)  and 
cyanamide.  Separation  of  the  pure  complex  from  the  reactants  was 
accomplished  by  eluting  the  solution  with  water  from  a  Sephadex® 
column.  Most  experiments  with  the  light  sensitive  complex  must  be 
conducted  in  the  dark.  Spectrophotometric  and  polarographic  studies 
were  used  to  indicate  the  composition  of  the  complex. 

Integration  of  a  Time-Sharing  Computer  into  the  Chemistry  Curricu- 
lum. Philip  A.  Kinsey,  Department  of  Chemistry,  University  of 
Evansville,    Evansville,    Indiana    47704. A   time-sharing    on-line   com- 
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puting  system  adds  an  extra  dimension  to  computer  use  and  resolves 
some  of  the  difficulties  that  prevent  effective  student  use  of  the 
computer.  Three  levels  of  usage  were  described.  First,  in  a  simula- 
tion mode  the  student  can  have  a  sense  of  discovery  with  no  knowledge 
of  programming  necessary.  Acid-base  titration  curves  were  drawn 
for  equal  pH  intervals.  The  trajectory  of  a  molecule  in  a  Lennard 
Jones  6-12  potential  was  demonstrated  for  various  impact  parameters 
and  energies.  Second,  single  concept  movies  were  filmed  showing  the 
changes  in  population  in  rotational  levels  and  the  effect  on  the  vi- 
brational rotational  IR  spectrum  as  the  temperature  was  changed. 
Third,  the  student  was  furnished  with  a  selection  of  numerical  analysis 
programs  to  curve  fit,  integrate,  and  to  solve  differential  equations. 
The  student  then  wrote  his  own  problem  solution  incorporating  these 
programs.  The  solution  to  one  dimensional  Schroedinger  equation  for 
various  models  along  with  other  examples  were  presented. 

Thermolysis  and  Photolysis  of  Some  l-Pyrazoline-3,4-dicarboxylic  Anhy- 
drides. Terry  L.  Kruger  and  John  Sharp,  Department  of  Chemistry, 
Ball  State  University,  Muncie,  Indiana  47306. In  a  series  of  ex- 
periments comparing  the  modes  of  decomposition  of  some  cyclic  azo 
compounds  the  emphasis  has  so  far  been  on  1-pyrazolines.  The  facile 
1,3-dipolar  addition  of  diazomethane  to  the  appropriate  cyclic  anhy- 
drides has  yielded  l-pyrazoline-3,4-dicarboxylic  anhydride  and  the  4- 
methyl  analog.  These  compounds  are  decomposed  by  light  and  heat 
and  isomerized  by  acid  or  base.  Study  results  of  the  thermolysis 
and  photolysis  of  these  labile  materials  were  presented.  These  reactions 
proceed  with  the  evolution  of  nitrogen  and  some  carbon  dioxide.  Major 
isolable  products  are  citraconic  anhydride  and  dimethylmaleic  anhydride, 
respectively.  Some  evidence  was  presented  which  supports  the  pro- 
posal that  [2  +  4  +  2]  retroaddition  was  competing  in  the  thermal 
process.  A  quick  treatment  of  [2  +  4  +  2]  cycloreversion  from  the 
consideration  of  the  Woodward-Hoffmann  rules  for  conservation  of 
orbital  symmetry  was  included.  The  75  electron  volt  mass  spectrum 
of  the  parent  compound  is  perhaps  best  explained  by  analogy  with 
the  proposed  concerted  retroaddition. 

Photochemistry  of  Conjugated  Dinitrones.  M.  L.  Druelinger  and  S.  R. 
Lammert,   Department   of   Chemistry,   Indiana    State   University,   Terre 

Haute    47809. The    irradiation    of    N,N'-disubstituted    dinitrones    was 

studied.  When  the  nitrogen  substituents  are  tertiary  alkyl  groups, 
at  least  four  products  were  identified.  They  are  formed  sequentially 
and  involve  ring  closure  to  the  strained  oxazirane  system  followed 
by  rearrangement  to  amides.  The  structures  were  assigned  on  the 
basis  of  spectral  data  and  independent  syntheses.  Results  of  studies 
on  an  N,N'-diaryl  system  were  also  noted.  Mechanistic  aspects  of 
these  reactions  were  discussed. 

Preparation  and  Decomposition  of  N-Alkyl-N-arylhydroxylamines.  Terry 
L.  Kruger  and   Stephen  L.  Hartzell,  Department  of  Chemistry,  Ball 

State    University,    Muncie,    Indiana    47306. Eugen    Bamberger    first 

prepared   and   studied  many  substituted   hydroxylamine   compounds,   but 
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the  actual  mechanistic  pathway  for  the  acid-catalyzed  rearrangement 
observed  by  him  has  not  been  extensively  studied.  To  explain  the 
observations,  a  variety  of  mechanisms  have  been  proposed  but  none 
agrees  completely  with  the  experimental  facts. 

This  research  first  involved  the  development  of  a  convenient  syn- 
thetic route  for  obtaining  the  desired  hydroxylamines.  Secondly,  the 
synthesis  required  the  preparation  and  identification  of  several  previ- 
ously unreported  compounds.  Finally,  a  mechanism  of  the  acid-cata- 
lyzed hydroxylamine  rearrangement  was  suggested  to  explain  our 
results. 

For  preparing  the  N,  N'-disubstituted  hydroxylamines,  the  Cope 
elimination  was  chosen  as  the  synthetic  pathway.  Since  an  olefin  was 
ejected  from  the  amine  oxide,  the  reaction  rate  is  conveniently  meas- 
ured. It  was  found  that  hydrated  amine  oxides  and  various  z,-substitu- 
ents  affected  the  reaction  rate  significantly. 

The  Effect  of  Vitamin-E  Deficiency  and  Dietary  Histidine  on  Serum 
Aldolase  and  Transaminase,  and  Tissue  Phosphatase  Activity.  Josephine 
Shangkuan  and  L.  C.  Smith,  Department  of  Chemistry,  Indiana  State 

University,    Terre    Haute,    Indiana    47809. Vitamin-E    deficiency    has 

caused  rabbits  to  excrete  1-methyl-histidine  in  large  amounts.  Appear- 
ance of  this  amino  acid  generally  precedes  that  of  creatine  making 
it  one  of  the  earliest  detectable  symptoms  of  nutritional  muscular 
dystrophy.  The  loss  of  large  amounts  of  1-methyl-histidine  might 
itself  produce  secondary  effects  such  as  a  significant  drain  on  the 
body's  reserve  of  the  essential  amino  acid  histidine.  This,  in  itself, 
might  effect  the  activity  of  several  enzymes.  It  seemed  desirable  to 
determine  what  effect,  if  any,  the  dystrophic  condition  as  well  as 
dietary  histidine  would  have  on  enzymic  activity  of  tissue  other  than 
muscle.  Our  studies  describe  the  alkaline  phosphatase  activity  in 
liver  and  kidney  as  well  as  serum  aldolase  and  transaminase  of  normal 
and  Vitamin-E  deficient  rabbits.  Also  the  influence  of  dietary  histidine 
on  these  enzymes  was  reported. 

Kinetic  versus  Thermodynamic  Control:  An  Organic  Chemistry  Experi- 
ment. L.  A.  McGrew  and  T.  L.  Kruger,  Department  of  Chemistry, 
Ball  State  University,  Muncie,  Indiana  47306.— — Very  few  current 
laboratory  manuals  include  experiments  designed  to  illustrate  reaction 
systems  in  which  a  competition  exists  between  two  processes,  one 
favored  by  the  rate  of  the  process,  the  other  by  product  stability. 
The  base-catalyzed  polymerization  of  aromatic  isocyanates  have  yielded 
a  kinetically-controlled  or  a  thermodynamically-controlled  product  un- 
der conditions  which  can  easily  be  adapted  to  a  laboratory  situation. 
Materials  needed,  technique  to  be  used,  and  results  to  be  expected  were 
discussed. 


A  Dielectric   Study  of  Bis-  (2'-hydroxyacetophenonato)  Copper (II) 

John  R.  Heys  and  Eugene  Schwartz 

Chemistry  Department 

DePauw  University,  Greeneastle,  Indiana  46135 

Abstract 

The  dielectric  properties  of  dioxane  solutions  of  the  title  compound  were  studied 
as  a  function  of  temperature.  The  differences  between  the  total  polarization  and  the 
molar  refraction  were  found  to  be  independent  of  temperature.  This  difference  was 
attributed  to  atomic  polarization,  which  might  be  caused  by  unusual  freedom  of  bending 
and  twisting  of  the  chelate  rings  in  the  electric  field.  The  dielectric  properties  and 
visible  absorption  spectrum  of  the  title  compound  are  similar  to  those  of  bis-salicylalde- 
hydato-Cu(II)    which    has    a    symmetrical    trans-planar    structure    in    the    solid    state. 

Molecules  in  an  electromagnetic  field  in  the  radio  frequency  range 
exhibit  a  total  dielectric  polarization  which  is  assumed  to  be  com- 
posed of  three  additive  components,  each  caused  by  a  particular 
kind  of  induced  motion:  1)  orientation  polarization  due  to  motion  of 
the  molecule  as  a  whole,  2)  electronic  polarization  due  to  induced 
electron  motion,  and  3)  atomic  polarization,  which  is  ascribed  to 
field-induced  bond  length  or  bond  angle  distortion  within  the  molecule. 
The  orientation  component  Po  is  absent  if  the  molecule  has  no  net 
dipole  moment.  The  electron  polarization  Pe  (or  molar  refraction) 
is  obtained  from  refractive  index  measurements  usually  at  visible 
light  frequencies.  Electron  polarization  is  assumed  to  be  temperature 
independent.  The  existence  of  atomic  polarization  Pa  has  been  postu- 
lated because  of  a  non-zero  difference  between  the  total  polarization 
Pt  as  measured  at  radio  frequencies  and  Pe  for  many  symmetrical  mole- 
cules. The  atomic  polarization  component  must  be  neglected  or  ap- 
proximated for  the  calculation  of  a  molecular  dipole  from  Pr. 

Many  supposedly  symmetrical  molecules  are  known  (3),  however, 
in  which  the  difference  (Pt  —  Pe)  is  not  negligible.  Typical  of  such 
molecules  is  6fs-(salicylaldehydato)Cu(II)  (Fig.  1).  In  the  present 
work  we  have  studied  the  above  compound  for  comparison  purposes 
and  also  the  related  substance,  6is-(2'-hydroxyacetophenonato)Cu(II) 
(Fig.  1),  whose  dielectric  properties  and  structure  have  not  been 
reported. 


Ou 


(A) 


Figure  1.     Skeletal      structures      of      (A)     bis-(  salici/laldchydato)Cu(  II)      and      (B)      bis- 
(ii'-hydroxyacetophenonato)Cu(II).     No    particular    isomeric    form    of    the    complexes    ia 

implied  here. 
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Experimental  Procedures 

Bis-  ( salicylaldehydato )  Cu  ( II )  and  bis-  ( 2'-hydroxyacetophenonato 
Cu(II)  were  prepared  by  mixing  the  requisite  amount  of  salicylaldehyde 
or  2'-hydroxyacetophenone,  respectively,  with  aqueous  cupric  nitrate 
solution  and  titrating  with  vigorous  stirring  to  pH  7  with  aqueous 
sodium  hydroxide  solution.  The  crude  complexes  were  re-crystallized 
from  chloroform.  Purity  determinations  were  made  by  electrogravi- 
metric  copper  analysis. 

Reagent  grade  dioxane,  chloroform,  and  benzene  were  purified  by 
standard  techniques. 

Dielectric  constant  measurements  in  the  radio  frequency  range 
were  made  with  a  heterodyne  beat  apparatus  operating  at  197  kc. 
The  apparatus  consisted  of  a  precision  air  capacitor  (General  Radio 
1422-D),  beat  frequency  generator  (General  Radio  1304  B),  fixed-fre- 
quency generator  (Hewlett-Packard  201C),  and  dielectric  cell  (Kahl 
Scientific  Company).  Refractive  indices  were  measured  on  a  Bausch 
and  Lomb  type  33-45-58  refractometer.  Specific  volumes  were  deter- 
mined  with   a   pycnometer.    Temperature   control   was   estimated   to  be 

±  o.rc. 

Calculations  of  the  polarizations  were  made  using  the  procedure 
of  Halverstadt  and  Kumler  (2). 

Experimental  Results 

The  experimental  plots  of  dielectric  constant  as  a  function  of 
concentration  of  complex  at  30  °C  are  reproduced  in  Figures  2  and  3. 
The  lines  on  the  graphs  represent  an  estimated  error  of  about  ±  0.5 
molecules  here  exist  in  a  tran s-configuration  with  planar  ligand  rings, 
specific  volume  /  concentration  and  refractive  index  /  concentration 
graphs  are  shown  in  Figures  4  and  5,  respectively.  Polarizations 
calculated  from  these  experiments  at  30  °C  are  shown  in  Table  1.  The 
result  for  the  salicylaldehyde  complex  is  in  agreement  within  experi- 
mental error  with  the  literature  value  (3).  The  2'-hydroxyacetophenone 
complex  has  not  previously  been  studied,  but  the  result  for  (PT  —  Pe) 
is  not  unreasonable  in  that  the  addition  of  a  methyl  group  to  a  molecule 
has  been  found  to  increase  the  (Pi  —  Pe)  difference  by  some  5  to  15  cc 
(4). 

Estimates  of  the  (PT  —  Pe)  difference  for  6is-(2'-hydroxyacetophe- 
nonato)Cu(II)  as  a  function  of  temperature  from  10  to  50°C  were  made 
as  follows.  The  dielectric  constants  for  one  intermediate  concentration 
of  the  complex  in  dioxane  were  obtained  over  the  temperature  range. 
Because  the  determination  of  the  polarization  from  a  single  dielectric 
constant  measurement  is  subject  to  some  error,  the  resulting  curve 
of  dielectric  constant  versus  temperature  was  displaced  slightly  so 
that  the  value  of  the  polarization  calculated  from  it  at  30  °C  agreed 
approximately  with  the  more  precise  result  reported  above  from 
dielectric  constant  /  concentration  experiments.  The  temperature  de- 
pendence   of   the    refractive    indices    of   the    complex    solutions   was    as- 


146 


Indiana  Academy  of  Science 


2,222 


2,218 


2.ZLU 


2.210 


2.206 


DIELECTRIC 

CONSTAT 


k  6 

WEIGHT     MtACTION,  X  103 


Figure  2.     Dielectric     constant     versus     weight    fraction    of     bis~(8alicylaldehydato)Cu(II) 

in  dioxane  at  30° C. 


sumed  to  be  that  of  the  parent  2'-hydroxyacetophenone.  The  tempera- 
ture dependence  of  the  specific  volumes  for  both  the  complex  and  the 
solution  were  assumed  to  be  identical,  and  were  taken  from  Smyth 
(5).  The  dependence  of  the  specific  volume  on  concentration  was 
taken  to  be  that  reported  above  for  30 °C.  Polarizations  calculated 
from  this  temperature  dependence  study  are  summarized  in  Table  2. 


Discussion 

The  (Pt  —  Pk)  difference  reported  in  Table  1  for  the  salicylaldehyde 
complex  is  in  agreement  with  the  literature  value  (3).  These  workers 
assumed  the  molecule  to  be  symmetrical  in  solution  and  hence  identified 
this  difference  with  atomic  polarization.  Since  that  time  the  structure 
of  this  complex  has  been  determined  in  the  solid  state  (1).  The 
molecules  here  exist  in  a  fraws-configuration  with  planar  ligand  rings, 
but  with  the  ligand  rings  slightly  displaced  relative  to  each  other. 
If  the  molecule   has   this   same   configuration   in   solution   then   the   high 
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Figure  3.     Dielectric  constant  versus  weight  fraction  of  bis-(2'-hydroxyacetoj)henonato)Cu 

(II)  in  dioxane  at  30° C. 


value  of  (Pt  —  Pk)  must  be  assigned  to  atomic  polarization.  The 
same  should  be  true  for  the  title  compound  in  that  it  exhibits  similar 
dielectric  properties.  However,  a  determination  of  the  structure  for 
the  title  compound  has  yet  to  be  made.  Nevertheless,  the  possibility 
that  these  molecules  might  possess  distinctly  different  configurations 
in  the  solid  and  in  solution  must  be  recognized. 


Table  1.     Polarization  results  at  30°  C  in  dioxane. 


bis-  (salicylaldehydato )  Cu  ( II ) 
PT  =  149  cc 
PE  =  77  cc 
(PT  —  PE)   =  72  ±  4  cc 


6?*s-(2'-hydroxyacetophenonato)Cu(II) 
PT  =   170  cc 
PE  =  85  cc 


S:» 


5   cc 


Additional  evidence  for  a  symmetrical  structure  of  these  molecules 
in  solution  comes  from  the  temperature  dependence  of  the  polarization 
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reported  in  Table  2.  From  this  it  is  seen  that  the  electronic  polariza- 
tion is  independent  of  temperature  as  would  be  predicted,  but  the 
difference  (Pt  —  Pe)  increases  somewhat  as  the  temperature  increases. 
If  this  difference  had  an  appreciable  orientation  polarization  component 
the  trend  would  be  the  reverse  of  this.  Hence  we  conclude  that  the 
(Pt  —  Pe)  difference  does  represent  atomic  polarization  and  that  the 
slight  increase  with  temperature  is  due  to  the  approximations  made 
in  the  calculations. 


Table  2.     Effect  of  temperature  on  (PT  —  PE)  for 
bis-(2'-hydroxyacetophenonato)Cu(II)   in  dioxane. 
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Figure  4.     Specific    volume    versus    weight    fraction    for     (A)     bis- (salicylaldehydato)Cu 
(II)  and  (B)   bis-(2'-hydroxyacetophenonato)Cu( II )   in  dioxane  at  30°C. 
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Figure  5.     Refractive    index    versus     weight    fraction    for     (A)     bis-(salicylaldehydato)Cu 
(II)   and  (B)   bis-(2'-hydroxyacetophenonato)Cu(II)   in  dioxane  at  30°C. 


Moreover,  molecules  of  the  type  studied  here  have  been  found  (6) 
to  exhibit  molar  extinction  coefficients  of  about  350  in  chloroform  at 
about  600  nm  if  the  molecule  has  fixed  into  it  a  cis-  arrangement  of 
the  ligands,  as  in  N  — ■  N'  —  disalicylidene  ethylenediamine  copper(II), 
but  an  extinction  coefficient  of  only  about  60  for  &is-(salicylaldehydato) 
Cu(II)  at  this  wavelength.  In  Figure  6  we  report  the  visible  absorption 
spectra  for  bis- (salicylaldehydato)Cu(  II)  and  for  6/s-(2'-hydroxyaceto- 
phenonato)Cu(II)  in  chloroform.  The  former  is  in  agreement  with 
literature;  the  latter  has  not  been  reported.  The  two  spectra  of 
Figure  6  are  quite  similar,  which  lends  additional  support  to  the 
argument  that  the  configuration  of  the  title  compound  is  completely 
analogous  to  that  of  the  salicylaldehyde  complex  which  has  been 
shown  to  be  symmetrical  in  the  solid  state. 
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Figure  6.     Molar   extnction  coefficients  versus   wavelength    for    (A)    bis- (sal icy laldehydato) 
Cu(II)  and  (B)  bis-(2J  hydroxy  acetophenonato )  Cu(  1 1 )  in  chloroform. 
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Abstract 

Alkali  metal  derivatives  of  several  1,3-diketones  have  been  synthesized  and  their 
infrared  and  far-infrared  spectra  recorded.  The  spectra  showed  1)  that  there  is  no 
difference  in  the  bonding  between  hydrated  and  anhydrous  compounds;  and  2)  that 
both  the  carbonyl  and  metal-oxygen  absorptions  are  typical  of  compounds  with  ionic 
bonding.  It  was  concluded  that  any  differences  in  chemical  behavior  between  the 
hydrated    and    anhydrous    forms    must    be    due    to    steric    or    solvent    replacement    factors. 

Introduction 

It  is  generally  accepted  that  alkali  metal  derivatives  of  organic 
compounds  behave  as  simple  salts.  Thus  most  salts  of  alcohols,  acids 
and  1,3-diketones  have  high  melting  points,  are  white  powders,  are 
soluble  in  water  and  insoluble  in  organic  solvents.  There  are,  however, 
some  organic  compounds  capable  of  forming  not  only  the  common  alkali 
salts,  but  also  alkali  "complexes,"  which  are  appreciably  soluble  in 
organic  solvents  and  have  low  melting  points.  Thus,  Sidgwick  and 
Brewer  (6)  found  that  sodium  benzoylacetonate  has  the  properties  of  a 
common  salt  in  that  it  is  water  soluble,  insoluble  in  nonpolar  solvents, 
and  has  a  high  melting  point.  If  recrystallized  from  95%  ethanol, 
however,  a  dihydrated  species  is  formed  which  is  appreciably  soluble 
in  benzene  and  toluene.  The  authors  concluded  that  therefore  the 
dihydate  is  a  chelate.  Since  this  first  report,  other  papers  (2,  9)  also 
indicate  an  apparent  dual  chemical  behavior,  and  subsequent  references 
(1,  7)  cite  solubility  differences  as  the  only  criterion  for  chelation. 

Chelation,  though  etymologically  meaning  a  claw-like  structure, 
is,  however,  not  a  mere  cage  compound,  but  one  in  which  strong  metal 
bonds  are  formed  to  at  least  two  ligand  points.  Thus  the  infrared 
spectrum  of  the  sodium  salt  of  acetylacetone  shows  weak  ligand-metal 
interactions  (vc=o  =  1622  cm"i;  vu-o  —  405  cm~i);  whereas  the  chelate 
copper  acetylacetonate  does  show  strong  metal-ligand  interactions 
(?c=o  =  1577  cm-i,  vu-o  —  451  cmri)   (4). 

In  an  attempt  to  shed  new  light  on  the  chemical  behavior  of 
alkali,  1,3-diketonates,  particularly  the  postulated  hydrated  chelates, 
the  infrared  and  far-infrared  spectra  of  eight  such  pairs  were  studied. 

Experimental 
Preparations 

All  compounds  were  prepared  according  to  published  procedures 
(6,  8).  The  1,3-diketone  was  dissolved  in  NaH-dried  acetone  and  al- 
lowed to  react  with  a  stoichiometric  amount  of  the  metal.  The  white 
salts   were   washed    several    times    under    strictly    anhydrous    conditions 
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and  vacuum  dried.    Dihydrated  species  were  obtained  through  recrystal- 
lization  of  the  anhydrous  compounds  from  95  %  ethanol. 

No  hydrated  complex  of  sodium  salicylaldehyde  can  be  obtained. 
Instead  an  adduct  between  a  neutral  salicylaldehyde  molecule  and  sodium 
salicylaldehyde  may  be  prepared  by  allowing-  the  metal  to  react  in 
an  excess  of  salicylaldehyde. 

Spectra 

The  infrared  spectra  were  recorded  on  a  Perkin  Elmer  Infracord 
spectrophotometer  using  Nujol  mulls  between  NaCl  disks.  Far-infrared 
spectra,  were  obtained  on  a  Perkin  Elmer  spectrophotometer,  Model 
621  using  a  Nujol  film  between  paraffin  sheets. 

Results 

Absorption  data  for  the  compounds  under  investigation  as  well 
as  those  for  the  parent  chelating  agents  and  for  copper  acetylacetonate 
appear  in  Table  1.  Spectra  for  the  hydrated  and  anhydrous  compounds 
were  identical  except  for  the  absorptions  noted  in  the  Table,  and  the 
characteristic  high  frequency  absorption  due  to  water  in  the  former. 
Two  carbonyl  frequency  values  appear  for  acetylacetone  in  conformity 
with  the  tautomeric  enol  and  keto  forms.  In  some  cases  the  metal- 
oxygen  column  has  two  frequency  values,  reflecting  the  general  un- 
certainty in  assignments  and  the  fact  that  neither  value  represents 
a  pure  metal-oxygen  stretch.  Modes  in  this  region  are  usually  coupled 
with  ring  deformation  and  C-CH;i  stretching  modes.  Metal-oxygen 
absorption  values  for  the  salicylaldehyde  pair  have  been  omitted  due 
to  assignment  uncertainties. 

Table   1.     Carbonyl  and  metal-oxygen  absorption  frequencies. 
Compound  v  V 


1  H (acac) 

1700,  1610 

Cu ( acac ) 2 

1577   (Ref.  4) 

Na  (acac ) 

1622 

Na(acac)»2H::0 

1620 

K(acac) 

1630 

K(acac)»2H:>0 

1630 

2H(bzac) 

1610 

Na(bzac) 

1590 

Na(bzac)«2HoO 

1590 

K(bzac) 

1590 

K(bzac)«2Hi;0 

1590 

3H(salald) 

1650 

Na(salald) 

1650 

Na(salald)»H(salald) 

1650 

451, 

612 

(Ref. 

4) 

405. 

525 

41(1, 

525 

■111), 

520 

410, 

520 

425 

422 

424 

424 

1  H(acac)=acetylacetone;  2  H  (bzac)  =benzoylacetone;  3  H(salald)  =salicylaldehyde. 

Discussion 

The   carbonyl   stretch  for  a   strong  chelate   such  as  copper   acetyl- 
acetonate   appears    at    the    relatively    low    value    of    1577    cm-*.     Such 
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lowering  from  the  normal  C=0  stretching-  frequency  of  1700  cm-1  is 
attributed  to  a  drain  of  electrons  away  from  the  CrrO  group  into  the 
M-0  bond.  The  resulting  weak  C=0  force  constant  causes  the  ob- 
served lower  vibrational  energy.  Similarly,  the  M-0  bond  is  strength- 
ened by  the  gain  of  electrons  causing  a  relatively  high  stretching 
frequency.  For  these  reasons  copper  acetylacetonate  is  a  strong  chelate 
with  considerable  covalent  bonding. 

The  carbonyl  absorption  frequency  values  for  the  alkali  derivatives 
are  relatively  high  indicating  a  relatively  minor  electron  drain.  Thus, 
while  the  absorption  frequency  for  copper  acetylacetonate  is  1577  cm"1, 
those  for  the  alkali  derivatives  of  acetylacetone  lie  between  1620-1630 
cm1.  From  the  preceding  discussion  one  might  thus  conclude  that 
the  alkali  derivatives  of  acetylacetone  are  more  ionic  in  nature  than 
copper  acetylacetonate. 

No  frequency  shifts  are  observed  within  any  of  the  anhydrous- 
hydrated  pairs  under  investigation.  Thus  the  C=0  stretch  for  sodium 
benzoylacetonate  occurs  at  1590  cm  *  and  its  M-0  stretch  at  425 
cm-1,  while  those  of  the  hydrated  analog  occur  at  approximately  the 
same  values.  Similar  comparisons  between  the  other  pairs  also  show 
no  substantial  frequency  shifts.  It  is  therefore  concluded  that  the 
differences  in  chemical  behavior  between  the  hydrated  and  non-hy- 
drated  species  cannot  be  due  to  any  differences  in  metal-ligand  bonding. 

It  is  quite  obvious  from  Structure  I,  that  the  alkali  ion  of  the 
anhydrous  form  is  fairly  exposed  to  the  solvent  system,  whereas 
in  the  hydrated  form,  Structure  II,  the  ion  is  shielded.  Since  solu- 
bility depends  on  the  interaction  of  solvent  molecules  with  the  exposed 
parts  of  the  solute  molecule,  it  is  easy  to  see  that  in  Structure  I  the 
metal    ion    and    its    charge    will    come    in    rather    direct    contact    with 
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the  solvent  molecule.  A  non-polar  solvent  will  resist  the  presence 
of  polarized  molecules  and  prevent  solvation.  On  the  other  hand, 
compounds  such  as  represented  in  Structure  II,  where  the  ion  and 
its  charge  are  engulfed  by  several  groups,  thus  shielding  these  from 
the  solvent,  can  experience  increased  solubility  in  non-polar  solvents. 
The    dissolution   process    may   be    envisioned    as    occurring   through    re- 
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placement  of  the  water  molecules;  through  an  increased  solvent 
attack  on  the  organic  constituent  of  the  salt;  or  through  possible 
hydrogen  bonding  between  solvent  and  water  molecules.  It  is  not 
clear  whether  one  or  all  of  these  mechanisms  are  operative,  or  to 
what  extent  they  affect  solubility,  but  there  is  little  doubt  that  solution 
does  not  occur  due  to  a  different  type  of  M-0  bonding  in  the  hydrated 
species. 

There  are  several  recent  reports  which  support  the  dissolution 
processes  proposed  above.  For  example,  the  potassium  ion  in  KAuCh 
may  be  complexed  by  valinomycin,  thus  rendering  the  salt  soluble  in 
organic  solvents  (5).  Similarly,  the  sodium  ion  in  NaCl  has  been 
complexed  with  an  organic  "crown  of  oxygen  atoms,"  thus  achieving 
solubility  of  the  salt  in  organic  solvents  (3). 
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Joseph  R.  Siefker  and  Judith  C.  Douglas 

Department  of  Chemistry 

Indiana  State  University,  Terre  Haute,  Indiana  47809 

Abstract 

Evidence  has  been  obtained  indicating  that  the  strength  of  solvation  of  water 
and  l-methyl-2-pyrrolidinone  with  iron  (III)  is  of  approximately  the  same  magnitude. 
Under  certain  conditions,  one  molecule  of  l-methyl-2-pyrrolidinone  apparently  can 
replace  one  molecule  of  water  in  the  solvation  sphere.  The  equilibrium  constant  has 
been  estimated  using  a  spectrophotometry  method. 

Rollinson  and  White  (5)  have  studied  some  chromium  (III) -amide 
complex  compounds,  including  tris-(l-methyl-2-pyrrolidinone)-trichloro- 
chromium  (III).  On  the  basis  of  a  shift  of  the  carbonyl  band  to 
slightly  lower  frequencies  in  the  infrared  spectrum,  the  coordination 
appears  to  be  through  the  oxygen  atom  of  the  amide.  A  steric  effect 
was  reported  to  exist  between  the  coordinated  l-methyl-2-pyrrolidinone 
ligands  (1). 

Madan  and  Sturr  (3)  found  that  transition  metal  complexes  with 
l-methyl-2-pyrrolidinone  readily  hydrolyze  in  water.  The  purpose  of 
the  present  study  was  to  determine  if  iron  (III)  perchlorate  in  aqueous 
solution  could  accept  any  l-methyl-2-pyrrolidinone  molecules  in  its 
sphere  of  solvation.  The  extent  of  reaction  would  be  expected  to  be 
quite  small  because  of  the  ease  of  the  reverse  reaction  (3).  If,  how- 
ever, the  l-methyl-2-pyrrolidinone  does  replace  any  water  molecules 
in  the  sphere  of  solvation,  the  absorption  spectrum  would  be  expected 
to  change.  Spectrophotometric  absorption  in  different  solvents  has 
been  discussed  (4). 

The  complexes  of  l-methyl-2-pyrrolidinone  with  transition  metals 
have  been  studied  quite  extensively  in  the  solid  form  (1,  3,  5);  however, 
few  studies  have  been  made  with  aqueous  solutions.  The  o-tolyl 
biguanide  complexes  of  some  transition  metal  ions  in  l-methyl-2-pyr- 
rolidinone  have  been  investigated  (7). 

Experimental 

Solutions  of  iron  (III)  perchlorate  and  l-methyl-2-pyrrolidinone 
were  prepared  in  highly  purified  water.  The  water  was  distilled  and 
then  passed  through  two  Illco-Way  research  model  ion  exchange  columns. 
The  iron  (III)  perchlorate  was  purchased  from  the  G.  Frederick  Smith 
Chemical  Company.  The  l-methyl-2-pyrrolidinone  was  the  Spectroqual- 
ity  reagent  supplied  by  Matheson,  Coleman  and  Bell. 

A  series  of  isomolar  solutions  was  prepared  for  study  by  the 
method  of  continuous  variations  (2). 

A  Cary  Model  14,  a  Beckman  DU,  and  a  Perkin-Elmer  Model  202 
recording    UV-visible    spectrophotometer    were    used    to    obtain    spectra 
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of  solutions  containing  iron  (III)  perchlorate,  l-methyl-2-pyrrolidinone, 
and  mixtures  of  metal  ion  plus  ligand.  All  data  were  obtained  using 
1-cm  cuvettes.  The  temperature  was  approximately  25  °C. 

Results  and  Calculations 

The  stability  of  mixed  solutions  was  tested  by  scanning  spectra 
at  certain  time  intervals  after  mixing  of  freshly  prepared  solutions. 
Data  for  solutions  containing  0.2m  Fe(III)  plus  varying  amounts  of 
l-methyl-2-pyrrolidinone  (1-M-2-P)  indicate  that  the  solutions  were 
relatively  stable  with  the  greatest  drifting  usually  detected  after  6 
to  24  hours,  (Table  1).  Therefore,  all  solutions  used  in  further  studies 
were  freshly  prepared,  and  all  spectra  were  scanned  as  soon  as  possible 
after  mixing  of  solutions. 

Table  1.     Absorbance    data    at    520    nm,    for    Fe    (III)    plus    l-methyl-2-pyrrolidinone    as 
measured  at  specified  time  intervals. 


Time 

0.2M  Fe  (III) 

0.2m  Fe  (III) 

0.2m  Fe  (III) 

0.2m  Fe  (III) 

(Hours) 

0.1M  1-M-2-P 

0.2m 

1-M-2-P 

0.4M 

1-M-2-P 

1.0M  1-M-2-P 

0 

.214 

.219 

.240 

.282 

I 

.218 

.221 

.239 

.287 

2 

.216 

.222 

.238 

.286 

6 

.210 

.222 

.231 

.269 

24. 

.205 

.212 

.235 

.276 

The  data  for  an  isomolar  system  of  iron  (III)  perchlorate  and 
1-methyl-l-pyrrolidinone  (Table  2)  indicate  the  formation  of  a  1:1 
complex.  It  would  appear  that  under  certain  conditions  one  molecule 
of  l-methyl-2-pyrrolidinone  could  replace  one  molecule  of  water; 
however,  a  series  of  solutions  made  with  Fe(III)  nitrate  and  1-methyl- 
2-pyrrolidinone  indicated  the  possible  formation  of  a  dimer  of  the 
formula,  Fe2(l-M-2-P) +  3. 

Table  2.     Absorbance    data    at    U30    nm   for    isomolar   solutions    of    iron    (111)    perchlorate 
and  l-methyl-2 -pyrrol  idinone. 

Concentration  Concentration  Absorbance 

Fe  (III)  1-M-2-P  at  430  nm 

0.00  0.20  0.000 

0.04  0.16  0.447 

0.05  0.15  0.540 

0.10  0.10  0.806 

0.15  0.05  0.727 

0.20  0.00  0.289 


The  data  in  Table  3  were  obtained  under  conditions  which  ap- 
peared favorable  for  the  formation  of  Fe(l-M-2-P) +3.  Mixtures  of 
iron    (III)    perchlorate   and   l-methyl-2-pyrrolidinone   were   made   at  the 
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concentrations  listed  in  Table  3.  These  data  were  analyzed  by  the 
method  of  Siefker  (6)  for  the  calculation  of  an  equilibrium  constant 
for  the  reaction: 


Fe(H,0), 


-f     1-M-2-P     =     Fe(l-M-2-P)    (H20 


+  :5 


+     HA) 


Table  3.     Absorbancc  data  at  470,  480,  490,  and  500  nm  for  solutions  containing  0.06   M 
iron  (III)  perchlorate  and  varying  concentrations  of  l-methyl-2-pyrrolidinone. 


Concentration 
1-M-2-P 


470 
nm 


4X0 
n  ni 


490 
nm 


500 


0.00 

.151 

0.03 

.156 

0.06 

.158 

0.12 

.160 

0.18 

.169 

0.24 

.168 

0.30 

.175 

0.36 

.172 

0.42 

.175 

0.48 

.182 

0.54 

.195 

0.60 

.202 

0.72 

.207 

0.84 

.214 

0.90 

.218 

1.08 

.221 

1.20 

.230 

1.50 

.242 

1.80 

.255 

.191 
.197 
.198 
.2  ox 
.218 
.222 
.232 
.240 
.237 
.247 
.251 
.272 
.282 
.291 
.298 
.310 
.323 
.346 
.370 


.232 

.271 

.244 

.292 

.243 

.297 

.257 

.317 

.277 

.347 

.283 

.354 

299 

.388 

.310 

.410 

310 

.430 

:<27 

.436 

84  1 

.462 

367 

.502 

385 

.533 

.40) 

.570 

416 

.589 

434 

.628 

462 

.672 

500 

.742 

548 

.824 

The  absorbance  data  were  corrected  for  the  absorption  of  light  by 
the  hydrated  iron  (III)  remaining  in  the  solution.  This  was  done  by 
iterations  of  the  calculations  with  the  computer  method  (6).  The 
result  of  the  calculations  indicated  that  l-methyl-2-pyrrolidinone  re- 
places water  in  the  sphere  of  solvation  or  iron  (III)  only  slightly. 
The  equilibrium  constant  for  the  reaction  given  above  was  found  to 
be  approximately  unity. 
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Abstract 

Using     conventional     spectrophotometry     techniques,     the     concentration     equilibrium 
constant  for  the  reaction 

2  Crot  +  2H  Ci-Or   +  HlO 

was  determined.  For  seven  solutions  with  constant  ionic  strength  of  0.375  molar,  the 
average  value  is  1.3  x  10"''  and  the  estimate  of  the  standard  deviation  is  0.97  x  10ln. 
Calculations  concerning  total  Cr(VI)  content  of  the  mixtures  indicate  that  the  con- 
centration of  the  proposed  intermediate  HCrOi-  is  nearly  3  per  cent  of  the  content 
in  the  slightly  acidic  solutions  studied. 

If  a  Beer's  law  plot  is  made  for  either  the  chromate  or  dichromate 
ion,  the  resulting  curve  of  absorbance,  A,  plotted  against  the  logarithm 
of  the  concentration  is  not  a  straight-line  relationship  as  predicted  by 
theory.  This  failure  of  the  Bouger-Beer  relationship  is  the  result  of 
the  chemical  equilibrium  existing  between  the  ions  and  the  solvent. 
The  overall  reaction  in  acid  or  neutral  media  is 

2  CrOf~   +  2H  I    ~  Cr,Or~   +  H,0 
where    the    H+     could    originate    from    the    dissociation    of    the    water 
or   from   an   added   source.    The   concentration   equilibrium   constant  for 
this  reaction,  K,,  is  given  by 

K,  =   [Cr,Or'~]/[CrOf~]"[H  l  ]". 

Previous  work  on  this  system  by  Sherrill  (12)  and  Spitalsky  (13) 
has  shown  that  the  probable  mechanism  for  the  reaction  involves 
HCrOi  as  an  intermediate  ion  in  a  two  step  process  which  can  be 
written  as 

CrO;~   +  H+   =   HCr04 

2HCrO,     =  Cr,0-2~   +  H.O. 
Associated  with  each  step  is  an  equilibrium  constant  given  by 

K,  =   [HCrO,   ]/[CrO?~][H+] 

K,  -  [Cra0f"]/[HCr0,   ]2 

where  K,  =  K;K, 

For  solutions  that  are  slightly  acidic,  the  relative  concentration 
of  the  intermediate  ion  is  in  the  order  of  l-10r/r  of  the  total  Cr(VI) 
concentration  based  on  previous  measurements  of  KL.  and  Ka  reported 
by  several  investigators  (2-6,  8,  9-14).    For  the  purpose  of  determining 
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Ki  the  exact  value  of  [HCr04  ]  is  not  important,  but  by  comparing 
the  calculated  value  for  the  concentration  of  Cr(VI)  from  experimental 
values  of  [Cr^07-  ]  and  [CKX2  ]  to  the  known  stoichiometric  total  of 
Cr(VI),  an  estimate  of  [HCrCV]  can  be  made. 

Experimental 

All  spectrophotometric  measurements  were  made  using  a  Beck- 
man  DB-G  recording  spectrophotometer.  The  insulating  jacket  of  the 
cell  compartment  was  thermostated  at  25  °C  by  circulating  water  through 
it  from  a  constant  temperature  bath.  The  pH  measurements  were 
made  using  a  Leeds  and  Northrup  Model  7401  pH  meter.  All  solutions 
were  prepared  using  normal  quantitative  laboratory  techniques  using 
Class  A  volumetric  glassware.  Once  prepared,  the  solutions  were 
allowed  to  sit  for  a  period  of  a  few  hours  in  a  constant  temperature 
bath  to  come  to  equilibrium. 

Spectra  were  taken  for  6  x  10^ M  solutions  of  Na^Cr04  containing 
0.01  M  HC1,  0.1  M  HC1,  0.01  m  NaOH  and  0.1  m  NaOH.  There  were 
no  differences  in  the  two  acid  spectra  nor  in  the  two  base  spectra  in- 
dicating that  complete  separation  of  the  Cr042-  and  Cr^O:2-  ions  was 
achieved.  A  four-fold  increase  in  concentration  was  desired  to  obtain 
spectra  in  the  optimum  range  of  20-60%  transmittance.  From  the 
spectra  of  an  8  x  10^M  Na^CrC^  solution  containing  0.4  M  NaOH  and 
2.4  x  10  -4  m  Na,Cr04  containing  0.4  M  HC1  ([C^Ot2]  =  1.2  x  10^M)  the 
working  wavelengths  of  352  and  373  nm  were  chosen. 

Because  of  the  overlap  of  the  absorption  curves  at  these  wave- 
lengths, it  was  necessary  to  measure  the  molar  absorbancies  for  each 
ion  at  both  wavelengths  and  to  use  the  following  equations  to  determine 
the  individual  ionic  concentrations 

.>  aai.A-an.Aa 

[CrO:     ]   =  


[Cr,0-;     ]   = 


aica,,,-an»a2c 
aica'.-ai.Ai 
aica..i»-aii>a2n 


where  a  is  the  molar  absorbancy,  A  is  the  absorbance  of  the  mixture, 
the  subscripts  1  and  2  refer  to  the  two  chosen  wavelengths,  and  the 
subscripts  C  and  I)  stand  for  chromate  and  dichromate  ion,  respectively. 

Duplicate  trials  were  made  on  solutions  of  1.2  x  10  4  M  CrO,2-,  0.125 
M  Na,HP04  and  0.03  M  citric  acid;  2  x  10  •»  M  Cr042  ,  0.125  M 
Na,HP04  and  0.03  M  citric  acid;  1.6  x  10  •*  M  CrO/2  ,  0.125  M 
Na,HP04  and  0.045  M  citric  acid;  and  2.4  x  10  ■»  M  Cr042  ,  0.125 
M  NaLHP04  and  0.045  M  citric  acid.  The  buffering  components* of  these 
solutions  gave  a  constant  ionic  strength  of  0.375  M.  Spectra  were 
taken  for  one  set  of  these  solutions  after  sitting  a  week  to  assure  the 
establishment  of  equilibrium. 
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Results 


The  data  and  results  of  the  spectra  and  pH  measurements  are 
given  in  Table  1.  The  second  set  of  data  taken  for  the  second  set 
of  solutions  showed  a  22%  decrease  in  Ki  which  is  well  within  the 
experimental  error  present  in  this  investigation.  Thus,  the  results 
reflect  equilibrium  conditions. 

Table  1.     Data  and  results  of  the  spectra  and  pH  measurements. 


[CrO*2-] 

[CraOr2-] 

[H  +  ] 

K' 

%Ti 

'/<  Tj 

I»H 

a. 

as 

x  10^ 

x  MP 

x  10- 

x  10-lt; 

56.0 

37.8 

3145 

5275 

(8.01) 



43.6 

53.0 

3002 

2296 



(12.01) 

55.0 

46.5 

6.32 

4.66 

3.76 

4.79 

7.5s 

29.9 

19.0 

6.22 

11.14 

5.78 

6.03 

L.3 

49.9 

50.4 

5.38 

2.32 

7.62 

41.68 

o.s 

55. 1 

36.0 

5.43 

3.34 

11.63 

37.15 

0.8 

53.5 

37.0 

3392 

5393 

(8.01) 

44.0 

55.0 

2969 

2161 

(12.01) 

62.2 

54.0 

6.14 

4.02 

2.35 

7.24 

2.8 

31.8 

18.6 

6.33 

12.58 

2.36 

4.68 

0.6 

54.2 

55.3 

5.63 

2.17 

6.47 

23.44 

2.5 

40.5 

41.6 

5.26 

3.25 

9.50 

54.95 

o.:s, 

1  Discarded  value  of  Ki. 

The  average  of  all  8  values  if  Ki  is  2.1  x  lO*6,  but  based  on 
the  Range  Rejection  Test  of  Moshman  and  Otta  (7),  there  is  a  99% 
probability  that  the  7.5  x  101<;  value  has  a  systematic  error  present 
and  should  be  discarded.  The  average  of  the  remaining  data  is  1.3 
x  1016  with  an  estimate  of  the  standard  deviation  of  0.97  x  10u; 
which  corresponds  to  a  confidence  interval  for  the  mean  on  a  99% 
probability  limit  basis  of  ±  1.4  x  1016. 

The  experimental  value  of  the  Cr(VI)  content  is  found  by  adding 
the  value  found  in  Column  6  of  Table  1  to  twice  the  value  found  in 
Column  7.  Subtracting  the  known  value  gives  the  amount  of  Cr(VI) 
present  presumably  as  HCrOr.  Doing  this  calculation  on  a  percentage 
basis,  the  average  value  for  the  7  data  is  3%  of  the  Cr(VI)  present 
as  HCrOr. 

Discussion 

The  overlap  of  the  absorption  curves  introduces  considerable  error 
in  calculating  the  molar  absorbancies  and  concentrations.  Although 
the  error  in  reading  the  transmittance  at  the  peak  of  the  absorption 
curve  is  rather  small,  ±  0.5%,  the  error  in  the  %T  at  the  other 
wavelength  is  considerably  larger,  ±  2%.  Using  these  estimates  of 
random  error,  the  predicted  errors  in  the  molar  absorbancies  are  aic 
=  ±200,  a2C  =  ±60,  an,  =  ±40  and  a,„  =  ±140.  These  predicted 
values  are  near  those  observed  between  the  two  sets  of  standard 
solutions  given  in  Table  1.  Using  these  results  and  assuming  that 
the   error  in  the  pH   values   is    ±    0.02   and   in   the    %T   readings   is    ± 
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2% ,  the  error  in  Ki  is  predicted  to  be  1.7  x  101"  agreeing  with  the 
confidence  interval.  It  can  be  concluded  that  the  reproducibility  of 
the  K,  values  is  the  result  of  the  limited  precision  of  the  technique. 

The  experimental  value  of  K,  differs  considerably  from  the  value 
of  2.4  x  1014  which  is  the  thermodynamic  equilibrium  coefficient  cal- 
culated from  available  data  (9).  The  values  of  the  ionic  activity 
coefficients  are  not  available  for  the  solutions  of  ionic  strength  equal 
to  0.375  M,  so  an  exact  comparison  to  the  true  equilibrium  constant 
cannot  be  made.  The  experimental  value  is  valid,  however,  for  a 
solution  for  that  particular  value  of  ionic  strength. 

The  previously-determined  experimental  values  and  those  calcu- 
lated from  self-consistent  values  of  K>  and  K3  cover  a  wide  range, 
e.g.,  6.7  x  10i -  reported  by  Sand  and  Kaestle  (10)  who  reported  "dis- 
turbing conditions,"  1.6  x  10i ^  by  Sherrill  (12),  1.95  x  10n  reported 
by  Spitalsky  (13),  3.23  x  10*4  reported  by  Carriere  and  Castel  (2) 
at  18 °C,  5  x  10 13  reported  by  Mohanty,  Ramana-Rao  and  Pani  (6), 
1  x  1014  reported  by  Sasaki  (11)  for  solutions  of  ionic  strength 
of  3m,  and  1.9  x  1014  reported  by  Jain  and  Jain  (5).  Although  a 
rather  large  scatter  in  results  of  this  type  would  normally  be  ex- 
pected, the  range  of  2  x  10^  to  1  x  lO1'^  is  rather  large  and  the 
system  should  be  further  investigated  to  determine  the  actual  effect 
of  ionic  strength  and  to  experimentally  determine  the  thermodynamic 
equilibrium  constant. 

The  experimental  value  of  approximately  3%  of  the  Cr(VI) 
existing  as  HCrOr  in  the  solution  studied  does  not  differ  appreciably 
from  the  value  of  5-10%  which  appears  on  the  graphs  in  the  paper 
by  Sasaki  (11).  Thus,  it  can  be  concluded  that  the  HCr04~  concen- 
tration does  not  account  for  a  significant  amount  of  the  total  Cr(VI) 
present  for  the  slightly  acidic  solutions  studied. 
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Abstract 

1,2,5-Thiadiazole  was  synthesized  for  the  first  time  in  our  laboratory  by  the  step- 
wise thermal  decarboxylation  of  l,2,5-thiadiazole-3,4-dicarboxylic  acid.  At  160-180°  Centi- 
grade the  first  carboxyl  is  lost  as  carbon  dioxide,  and  at  temperatures  above  200° 
Centigrade  the  second  carboxyl  is  lost.  Mono-  and  di-deuterio  derivatives  have  also 
been  prepared.  Several  convenient  procedures  for  the  preparation  of  the  two  key 
intermediates,  l,2,5-thiadiazole-3,4-dicarboxylic  acid  and  l,2,5-thiadiazole-3-carboxylic 
acid,  are  described.  The  mechanism  of  the  oxidation  of  2,1,3-benzothiadiazole  has  been 
investigated,  and  the  structures  of  several  minor  oxidation  products  have  been  eluci- 
dated. A  comparison  of  the  physical  properties  of  1,2,5-thiadiazole  is  made  with  the 
three  other  known  isomers :  1,2,3-,  1,2,4-,  and  1,3,4-thiadiazole. 

1,2,5-Thiadiazole  [I]  is  a  colorless,  stable  liquid  boiling  at  94.1  °C, 
first  prepared  in  our  laboratory  (14),  by  the  stepwise  thermal  de- 
carboxylation of  l,2,5-thiadiazole-3,4-dicarboxylic  acid  [II]  through  the 
monocarboxylic  acid  [III].  It  is  the  purpose  of  this  paper  to  describe 
two  alternative  synthetic  routes  to  the  key  derivatives  [II]  and 
[III]  which  were  developed  in  our  laboratory  (5,  10,  14,  15)  and 
to  compare  several  of  the  physical  and  chemical  properties  of  1,2,5- 
thiadiazole  with  those  of  the  other  three  possible,  known  thiadiazoles, 
viz.:    1,2,3-  [IV],  1,2,4-  [V],  and  1,3,4-  [VI]  (12). 
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The  most  direct  entry  into  the  chemistry  of  mono-cyclic  1,2,5- 
thiadiazoles  was  achieved  by  reaction  of  a,a'-diaminomaleonitrile  ([VII], 
also   known   as   "hydrogen   cyanide   tetramer")    with   thionyl   chloride,   a 
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[IV]  [V]  [VI] 

reaction  which  directly  yields  l,2,5-thiadiazole-3,4-dicarbonitrile  [VIII] 
in  good  yield.  Alkaline  hydrolysis  of  the  dinitrile  yields  the  carboxylic 
acid  [II],  which  loses  one  carboxyl  group  smoothly  at  160-180 °C  to 
produce  the  monocarboxylic  acid,  [III].  The  decarboxylation  reaction 
was  conveniently  carried  out  in  a  high-boiling  ether  such  as  phenetole. 
The  two  acids,  [II]  and  [III],  proved  to  be  very  convenient  intermedi- 
ates and  were  converted  by  us  into  numerous  other  mono-  and  di- 
functional  derivatives  of  1,2,5-thiadiazole. 

The  decarboxylation  of  [III]  occurs  at  temperatures  above  200°C, 
and  was  carried  out  alternatively  in  a  sealed  tube  without  solvent 
or  in  a  high-boiling  solvent  from  which  the  1,2,5-thiadiazole  could  be 
distilled  at  atmospheric  pressure. 

If  the  dicarboxylic  acid  [II]  is  equilibrated  with  deuterium  oxide 
several  times,  the  acidic  hydrogens  are  both  replaced  with  deuterium, 
and  the  subsequent  decarboxylation  of  this  deuterium-substituted  acid 
yields  the  2,4-dideuterio-l,2,5-thiadiazole.  Similarly,  replacement  of 
the  one  acidic  hydrogen  of  [III]  with  deuterium  in  D.O  yields  the 
mono-deuterio-[III],  which  decarboxylates  to  give  [I]  containing  prin- 
cipally 3-deuterio-l,2,5-thiadiazole,  with  small  amounts  of  dideuterio- 
and  unsubstituted  [I].  The  deuterium-labeled  compounds  proved  useful 
in  the  identification  of  the  fragments  observed  in  mass  spectra  (12), 
and  were  also  made  available  for  studies  of  infrared  vibrational 
analysis  (11). 

The  oxidation  of  the  long-known  2,1,3-benzothiadiazole  (3,  6)  with 
aqueous  potassium  permanganate  was  very  thoroughly  investigated 
and  eventually  developed  into  a  procedure  which  produced  good  yields 
of  dicarboxylic  acid,  [II].  At  first,  we  assumed  that  such  an  oxidation 
would  proceed  most  smoothly  if  the  benzenoid  ring  were  substituted 
with  electron-donating  groups  such  as  hydroxy  or  alkoxy  which  would 
be  expected  to  make  attack  on  the  carbocyclic  ring  much  easier  than 
on  the  heterocyclic  portion.  Not  only  were  such  substituted  benzo- 
thiadiazoles  difficult  to  synthesize,  but  the  fundamental  underlying 
assumption  was  called  into  question  when  we  found  that  we  could 
achieve  a  rather  clean  oxidation  of  4-nitro-2,l,3-benzothiadiazole  by 
means  of  aqueous  potassium  permanganate  at  65-70 °C.  The  isolation 
and  purification  of  the  principal  product  [II]  was  first  accomplished 
by  means  of  its  mono-silver  salt.  The  experience  with  the  nitro  de- 
rivative was  transferred  to  the  oxidation  of  2,1,3-benzothiadiazole, 
which  yielded  two  important  minor  products   in  addition  to  the  major 
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acid,  [II].  Careful  fractionation  of  the  silver  salts  of  acidic  products 
yielded  not  only  the  nitric  acid  insoluble  silver  salt  of  [II]  but  also 
a  more  soluble  silver  salt  of  a  dicarboxylic  acid  containing-  all  of  the 
carbon  atoms  of  the  starting"  compound. 

Our  interpretation  of  the  oxidation  procedure  is  shown  in  the 
sequence  of  compounds,  [IX]  -»  [X]  ->  [XI]  ->  [II],  below.  Our  ex- 
tensive studies  of  the   1,2,1-thiadiazole  ring*  system  later  revealed  that 
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it  is  a  very  powerful  electron-attracting  nucleus,  which  is  capable 
of  strongly  modifying  the  7r-electron  system  of  the  benzene  half  of 
benzothiadiazole  and  making  it  more  susceptible  to  oxidizing  attack. 
If  the  carboxylic  portion  tends  to  behave  more  like  an  alicyclic  diene 
than  a  benzene  ring,  then  the  postulation  of  a  hydroxylated  inter- 
mediate of  permanganate  oxidation  [X]  seems  reasonable.  It  would 
be  expected  to  cleave  to  a  dihydroxydicarboxylic  acid;  the  Acid  [XI] 
was  in  fact  isolated  in  small  yield  and  characterized.  It  would  be 
expected  to  cleave  further  with  loss  of  two  carbon  atoms  as  either 
oxalate  or  carbonate  (both  were  identified  in  the  oxidation  reaction 
mixtures)  to  yield  the  principal  acidic  product  [II]. 

The  overall  stoichiometry  of  the  main  desired  reaction  is  repre- 
sented by  the  following  equation: 

C6H4N,S  +  6MnOr  =  aN,S(COO),  +  6MnO,V   +  2CO:i=  +  2H20. 
[IX]  [II] 

It  appeared  to  be  advantageous  to  use  no  more  than  the  indicated 
six  formula  weights  of  permanganate  for  each  mole  of  benzothiadiazole 
and  to  avoid  both  extremes  of  excess  base  and  temperature.  Typically, 
the  oxidation  was  carried  out  at  40  °C  and  oxidant  was  added  by  por- 
tions. 

In  addition  to  the  products  [II]  and  [XI],  small  and  variable 
yields  of  another  oxidation  product  [XII]  were  isolated  as  a  dipotassium 
salt  of  low  water-solubility.  It  was  shown  that  this  product  could 
be  produced  as  the  major  oxidation  product  when-  the  oxidation  of 
either  [IX]  or  [II]  was  carried  out  at  80-100°C. 

The  structure  of  the  oxidation  product  [XII]  was  determined 
from  its  elemental  analysis,  C2N2O4SK2H2O  (water  of  crystallization 
was  shown),  the  infrared  spectra,  the  conversion  into  several  heterocyclic 
sulfone    derivatives     (which    will    be    the    subject    of    separate    publica- 
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tions),  and  finally  by  direct  synthesis  from  sulf amide  and  dimethyl 
or  diethyl  oxalate  by  means  of  basic  catalysts  (13,  15).  The  oxidation 
of  1,2,5-thiadiazole  derivatives  to  the  well-defined  crystalline  dipotas- 
sium  salt  [XII]  has  proved  to  be  a  good  general  structure  proof  for 
the  presence  of  the  1,2,5-thiadiazole  nucleus  in  reactions  where  the 
product  was  not  predictable  with  certainty  (7,  8). 

Russian  workers  have  also  examined  the  oxidation  of  benzo- 
thiadiazole  and  reported  results  somewhat  different  from  ours.  Khalet- 
skii,  Pesin,  and  Tsin  Chou  (4)  reported  that  permanganate  oxidation 
yielded  [XIII]  and  [XIV]: 


Ooh     ^N— S03K 

CH 


COOH    %M— SO3K 


[XIII]  [XIV]  [XV] 

Ozonolysis  of  [IX]  yielded  l,2,5-thiadiazole-3,4-dicarbonal  [XV]  and 
a  small  yield  of  [II].  We  have  never  observed  a  product  resembling 
[XIII]  in  any  oxidation  with  permanganate.  It  seems  very  likely 
that  their  compound  represented  by  Formula  [XIV]  was  in  reality 
the  same  as  our  by-product  salt  which  we  proved  to  have  the  struc- 
ture [XII].  Sekikawa  (9)  has  reported  the  oxidation  of  5-methyl-l,2,5- 
thiadiazole  to  the  acid  [II]  and  the  conversion  of  [II]  into  [III]. 

In  Table  I,  some  of  the  physical  properties  of  the  four  isomeric 
thiadiazoles  are  compared  (12).  It  will  be  noted  that,  while  all  of 
the  four  isomers  appear  to  show  aromatic  character,  they  differ 
sharply  in  many  respects,  and  should  provide  an  excellent  family 
of  compounds  for  the  correlation  of  physical  and  chemical  properties 
with  calculations  based  upon  orbital  theory  (16,  17). 


Table  1.     Some  properties  of  the  jour  isometric  thiadiazolei 
(12  arid  references  cited). 


Ultraviolet 

Dipole 

(water) 

max 

Compound 

Mp 

Bp 

Odor 

Moment 

nm 

loyr 

1,2,5-Thiadiazole   (I) 

—50° 

94.1° 

pyridine- 
acetone 

1.56D 

254 

3.90 

1,2,3-Thiadiazole   (IV) 

—19° 

157° 

unpleasant 

246 
209 

3.19 
3.27 

1,2,4-Thiadiazole    (V) 

—35°  to- 

-33° 

121° 

pyrimidine 

227 

3.73 

1,3,4-Thiadiazole    (VI) 

+42—3° 

204—5 

5  odorless 

3.28 

210 

3.26 
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In  subsequent  papers  we  shall  describe  synthesis  and  properties 
of  a  considerable  number  of  different  derivatives  of  the  1,2,5-thiadiazole 
family  and  make  comparisons  with  their  isoelectronic  analogues. 

Experimental 
Synthesis  of  l,2,5-Thiadiazole-3,4-dicarboxylic  Acid  [111(1) 

4-Nitro-2,l,3-benzothiadiazole  (25.0  g;  0.138  mole)  was  warmed 
with  500  ml  of  water  to  60°C,  and  131  g  of  potassium  permanganate 
(0.828  mole)  was  added  in  2600  ml  of  water  during  45  minutes,  the 
temperature  being  maintained  at  65-70 °C.  Excess  permanganate  was 
destroyed  with  a  little  ethanol,  the  manganese  dioxide  was  filtered  and 
washed  with  400  ml  of  water.  The  filtrate  was  adjusted  to  pH  1  with 
nitric  acid,  and  a  solution  of  23.5  g  of  silver  nitrate  in  50  ml  of  water 
was  added.  The  colorless,  crystalline  mono-silver  salt  was  removed 
by  filtration,  washed  with  200  ml  of  water  in  portions,  and  dried; 
yield  of  product  was  30  g,  and  it  darkened  without  melting  at  235-55 °C. 
The  free  acid  was  isolated  by  passing  hydrogen  sulfide  into  a  sus- 
pension of  the  silver  salt  in  300  ml  of  water  The  mixture  was  treated 
with  activated  charcoal,  filtered,  washed  with  warm  water,  and  the 
clarified  filtrate  concentrated  to  a  moist  residue,  then  dried  over  phos- 
phorus pentixide.  The  product  (14.3  g)  was  a  monohydrate,  mp  174- 
8°C.  Recrystallization  from  glacial  acetic  acid  gave  the  anhydrous  acid, 
mp  184°C. 

Analysis.  Calculated  for  C4H2N2S04:  C,  27.59;  H,  1.15;  N,  16.09; 
S,  18.49.  Found:   C,  28.09;  H,  1.26;  N,  16.19;  S,  18.16. 

Exposure  of  the  anhydrous  acid  to  ordinary  atmospheric  moisture 
caused  it  to  regain  one  molecule  of  water  of  crystallization  [II  H20] : 

Analysis.  Calculated  for  CJ^N.SOo:  C,  25.00;  H,  2.10.  Found:  C, 
25.04;  H,  2.08. 

The  Mono-Silver  Salt  of  l,2,5-Thiadiazole-3,4-dicarboxylic  Acid 

The  silver  salt  formed  during  the  isolation  in  the  preceding  section 
could  be  recrystallized  from  1000  parts  of  hot  water  as  a  colorless, 
crystalline  mono-silver  salt,  which  blackened  without  melting  at  235- 
55°C. 

Analysis.  Calculated  for  C^N.SCXAg:  C,  17.11;  H,  0.36.  Found: 
C,  17.23;  H,  0.53. 

The  Mono-Potassium   Salt  of  l,2,5-Thiadiazole-3,4-dicarboxylic  Acid 

Potassium  hydroxide  solution  was  added  to  an  aqueous  solution 
of  the  dicarboxylic  acid  [II]  until  the  pH  was  3,  then  an  equal  portion 
of  acetone  was  added.  The  salt  which  separated  was  purified  by  re- 
crystallization  from  water-acetone,  mp  293 °C  (dec). 

Analysis.  Calculated  for  CJIN.SO.K:  C,  22.64;  H,  0.48;  N,  13.20. 
Found:    C,  22.47;  H,  0.31;  N,  13.21. 
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The  Mono- Ammonium  Salt  of  l,2,5-Thiadiazole-3,4-dicarboxylic  Acid 

To  an  aqueous  solution  of  the  dicarboxylic  acid,  II,  was  added 
ammonium  hydroxide  to  pH  3.  Some  mono-ammonium  salt  precipitated 
upon  cooling  and  was  collected  by  filtration;  the  remainder  was  pre- 
cipitated by  addition  of  acetone  to  the  filtrate.  Recrystallization  from 
water-acetone  yielded  the  mono-ammonium  salt,  mp  253-4  °C. 

Analysis.  Calculated  for  CJIsNaC^S:  C,  25.13;  H,  2.64;  N,  21.99; 
S,  16.77.   Found:   C,  25.65;  H,  2.67;  N,  21.89;  S,  16.53. 

Methyl  l,2,5-Thiadiazole-3,4-dicarboxylate 

A  mixture  of  40  g  of  the  dicarboxylic  acid,  II,  40  g  of  methanol, 
8  ml  of  concentrated  sulfuric  acid  and  126  ml  of  ethylene  dichloride 
was  warmed  on  the  steam  bath  for  18  hours  (Method  of  Clinton 
and  Laskowski  (2)).  The  organic  layer  was  separated,  washed  once 
with  50  ml  of  5%  sodium  bicarbonate,  then  water,  and  dried  over 
anhydrous  magnesium  sulfate.  The  dimethyl  ester  was  recovered  as  a 
yellow  oil  (36  g,  82%  yield).  It  could  be  purified  by  distillation,  bp 
84-5°  (0.1  mm). 

Analysis.  Calculated  for  Ct!HoN,0,S:  C,  35.64;  H,  2.99;  S,  15.85. 
Found:   C,  36.01;  H,  3.03;  S,  15.77. 

l,2,5-Thiadiazole-3,4-dicarboxamide 

Anhydrous  ammonia  gas  was  passed  through  a  solution  of  the 
dimethyl  ester  in  methanol  and  the  solution  was  allowed  to  stand  for 
several  hours.  The  diamide  which  separated  was  filtered  and  recrystal- 
lized  from  hot  water  to  yield  colorless  crystals,  mp  240  °C. 

Analysis.  Calculated  for  CJW^O.S:  C,  27.90;  H,  2,34;  N,  32.54. 
Found:    C,  27.95;  H,  2.34;  N,  32.40. 

l,2,5-Thiadiazole-3,4-dicarbonitrile  [VIII]  from  the  Diamide 

l,2,5-Thiadiazole-3,4-dicarboxamide  (0.96  g)  was  heated  at  reflux 
temperature  with  6  ml  of  phosphorous  oxychloride  for  approximately 
40  minutes,  then  the  mixture  was  agitated  with  250  ml  of  crushed 
ice  and  extracted  3  times  with  ether.  Removal  of  the  ether  from 
the  carefully  washed  and  dried  extracts  yielded  crystalline  1,2,5- 
thiadiazole-3,4-dicarbonitrile  [VIII],  mp  47-9°C.  It  was  identical  in 
mp,  mixture  mp,  and  spectral  properties  with  the  product  prepared 
in  the  following  procedure. 

l,2,5-Thiadiazole-3,4-dicarbonitrile   [VIII]   from  "HCN  Tetramer"   [VII] 

a,a'-Diaminomaleonitri'le  [VII],  also  known  as  "hydrogen  cyanide 
tetramer"  (0.100  g),  was  heated  in  a  glass  reflux  apparatus  with 
10  ml  of  purified  thionyl  chloride  for  2.5  hours,  after  which  the  excess 
unreacted  thionyl  chloride  was  removed  under  gentle  vacuum  and 
the  residual  product  was  purified  by  sublimation  at  67 °C  (0.7  mm). 
The  crystalline  sublimate  of  colorless  crystals  melted  at  48-9  °C.  It 
showed  no  depression  of  mp  when  admixed  with  the  product  of  the 
preceding  synthesis.  The  compound  showed  a  strong  band  at  2240 
cm~i  characteristic  of  -CN. 
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Analysis.  Calculated  for  C4N4S:  C,  35.28;  N,  41.15;  S,  23.57. 
Found:    C,  35.92;  N,  41.34;  S,  23.16. 

The  dinitrile  was  hydrolyzed  by  heating  in  alcoholic  sodium  hy- 
droxide, acidification  with  nitric  acid,  conversion  of  the  acid  to  the 
silver  salt  as  described  in  preceding  sections,  and  finally  to  the  mono- 
ammonium  salt  of  II,  identical  with  that  described  in  the  foregoing 
sections. 

Oxidation  of  2,1,3-Benzothiadiazole  to  the  Acids,    [II]   and    [XI] 

To  10  g  of  2,1,3-benzothiadiazole  (0.735  mole)  dissolved  in  300 
ml  of  water  containing  4.1  g  (0.735  mole)  of  potassium  hydroxide 
was  added,  in  5-gram  portions,  70  g  (0.41  mole)  of  potassium  per- 
manganate. The  temperature  was  kept  below  40°C.  When  permanga- 
nate no  longer  appeared  to  be  reduced,  the  excess  was  destroyed 
with  a  little  alcohol,  the  manganese  dioxide  was  filtered  and  washed 
with  200  ml  of  hot  water.  The  pH  of  the  filtrate  was  brought  to 
1  with  20  ml  of  concentrated  nitric  acid  in  50  ml  of  water,  and  a 
solution  of  14  g  of  silver  nitrate  in  50  ml  of  water  was  added.  The 
precipitated  mono-silver  salt  (mostly  of  dicarboxylic  acid  II)  was 
filtered,  washed  with  water  until  neutral,  and  reconverted  into  free 
dicarboxylic  acid  II  with  hydrogen  sulfide  in  75  ml  of  water  as  de- 
scribed in  a  foregoing  section  describing  the  oxidation  of  4-nitro-2,l,3- 
benzothiadiazole.  The  yield  of  dried  l,2,5-thiadiazole-3,4-dicarboxylic 
acid  was  9.0  g  (70%). 

The  filtrate  from  the  mono-silver  salt  which  had  been  precipitated 
at  pH  1  was  adjusted  to  pH  3  by  addition  of  concentrated  ammonium 
hydroxide,  whereupon  precipitation  of  another  silver  salt  began  and 
continued  while  further  ammonium  hydroxide  was  being  added.  Through- 
out the  precipitation  the  pH  remained  at  3  but  rose  to  pH  5  after 
solid  stopped  separating.  The  precipitate  was  filtered,  washed  with 
water,  then  suspended  in  30  ml  of  water  and  treated  with  hydrogen 
sulfide  and  Darco.  The  suspension  was  filtered  by  gravity,  and  the 
filtrate  gently  desiccated,  yielding  a  new  oxidation  product  as  Acid 
[XI]  crystals,  mp  194-5 °C  (ir  in  Nujol  mull:  3240,  3280,  1720,  1695 
cm-1).  It  titrated  as  a  dibasic  acid  with  pKa  values  of  3.04  and  4.44 
(neutral  equivalent  for  overall  titration,  123).  It  gave  a  negative 
test  with  2,4-dinitrophenylhydrazine  reagent,  but  formed  a  precipitate 
with  ferric  chloride  solution.  The  ultraviolet  spectrum  in  water  showed 
X  max  265  nm;  log  e  3.86. 

Analysis.  Calculated  for  C6HkN,07S  (monohydrate) :  C,  28.57;  H, 
3.19;  N.  11.07;  S,  12.71;  N.E.  252/2.  Found:  C,  28.46;  H,  3.24;  N,  11.26; 
S,  12.40;  N.E.,  123. 

Oxidation  of  the  Dicarboxylic  Acid  [XI]  with  an  excess  of  po- 
tassium periodate  in  water,  followed  by  treatment  of  the  filtered 
solution  with  2,4-dinitrophenylhydrazine  in  phosphoric  acid,  yielded 
orange  crystals  of  a  mono-2,4-}iitrophe?nj1hydra,zone,    mp    201.5-203°. 

Analysis.  Calculated  for  CioHcNeOeS  H,0 :  C,  33.70;  H,  2.26;  N, 
23.60.    Found:    C,  33.88;  H,  2.27;  N,  24.22. 
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Oxidation  of  2,1,3-Benzothiadiazole  at  90-100°C 

Five  grams  of  [IX]  was  oxidized  with  38  g  of  potassium  per- 
manganate in  150  ml  of  water  during  2  hours  on  a  steam  bath,  with 
vigorous  stirring  throughout.  The  mixture  was  filtered  and  the 
manganese  dioxide  cake  washed  with  water.  The  total  filtrate  was 
concentrated  to  dryness  on  a  steambath,  leaving  a  pinkish  residue 
which  was  treated  with  6  N  hydrochloric  acid  to  pH  4,  then  the 
pink  crystalline  solid  was  filtered,  recrystallized  from  water  to  yield 
colorless  needles  which  evolved  gas  at  185°C  and  decomposed  at 
265-75  °C.  The  ir  of  a  potassium  bromide  mull  showed  bands  at 
3510,  3333,  1667,  1642,  1353,  1249,  1228,  1129,  962  and  756  cm-1.  The 
ultraviolet  spectrum  showed  only  strong  end  absorption  at  short  wave- 
lengths, hence  no  thiadiazole  nucleus  was  present. 

Analysis.  Calculated  for  C2H,N205SK2:  C,  9.84;  H,  0.83;  N,  11.50; 
K,  31.8.  Found:   C,  9.96;  H,  1.08;  N,  13.08;  K,  29.2. 

The  filtrate  from  the  rather  insoluble  dipotassium  salt  was  ad- 
justed to  pH  6  with  ammonium  hydroxide  and  from  it,  after  a  period 
of  standing  in  the  cold,  separate  crystals  of  ammonium  oxalate. 

A  very  similar  oxidation  was  carried  out  except  for  the  utilization 
of  l,2,5-thiadiazole-3,4-dicarboxylic  acid  [II]  as  the  substrate  and  a 
temperature  of  80  °C  during  a  50-minute  period  of  reaction.  Some  of 
the  starting  acid  [II]  was  recovered,  and  the  same  dipotassium  salt 
[XII]  was  formed  and  isolated  as  in  the  preceding  section. 

Synthesis  of  the  Dipotassium  Salt  [XII] 

A  mixture  of  1.86  g  of  sulfamide  (duPont),  1.11  g  of  potassium 
hydroxide,  40  ml  of  methanol  containing  5  ml  of  water  was  heated 
and  a  solution  of  2.3  g  of  dimethyl  oxalate  in  20  ml  of  methanol 
was  added  with  stirring,  heated  for  2  hours,  and  treated  with  another 
1.11  g  of  potassium  hydroxide  in  15  ml  of  methanol.  After  4  hours' 
heating,  the  mixture  was  filtered  hot,  the  precipitate  was  washed 
with  hot  methanol  and  recrystallized  from  5  ml  of  boiling  water. 
The  colorless  prisms,  C-rLNvOsSK-,  were  identical  with  the  oxidation 
by-product  [XII]  isolated  from  the  vigorous  permanganate  oxidation 
of  [IX]  and  [II]. 

Preparation  of  l,2,5-Thiadiazole-3-carboxylic  Acid  [III] 

l,2,5-Thiadiazole-3,4-dicarboxylic  acid  ([II];  100  mg)  was  heated 
in  a  test-tube  suspended  in  an  oil  bath  at  185 °C.  Decarboxylation  oc- 
curred vigorously,  and  the  product  sublimed  to  the  upper  portions  of 
the  tube;  the  yield  was  58  mg  (78%),  mp  163-4°C.  Recrystallization 
from  water  did  not  raise  the  mp.  For  larger  quantities,  better  control 
of  decarboxylation  was  achieved  by  heating  34  g  of  the  dicarboxylic 
acid  [II]  in  200  ml  of  freshly  distilled  phenetole  at  144-5  °C  for  24 
hours,  then  cooling  in  the  refrigerator  over  night.  The  monocarboxylic 
acid  [III]  crystallized  and  was  filtered.  Recrystallization  from  acetone- 
benzene  yielded  a  product  melting  at  166-7 °C;  the  yield  was  22.8  g 
(91%). 
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Analysis.  Calculated  for  CsH2N2S02:  C,  27.68;  H,  1.55;  N,  21.53; 
S,  24.64;  N.E.,  129.  Found:  C,  27.78;  H,  1.58;  N,  22.11;  S,  24.35;  N.E.- 
132. 

1,2,5-Thiadiazole  [I] 

Three  combustion  tubes,  each  containing  3.0  g  of  1,2,5-thiadiazole- 
3,4-dicarboxylic  acid  [II],  were  heated  at  200 °C  for  16  hours.  The 
product  was  taken  up  in  ether,  dried  over  anhydrous  magnesium 
sulfate,  and  distilled  in  a  good  fractionating  column.  The  yield  was 
2.82  g  (63%),  bp  94.1°C.  A  better  control  of  the  decarboxylation  was 
maintained  by  heating  the  dicarboxylic  acid  (or,  alternatively,  the 
monocarboxylic  acid  [III])  in  diphenyl  ether  contained  in  a  distillation 
apparatus.  The  temperature  was  raised  cautiously  first  to  150-70 °C 
when  [II]  was  decarboxylated,  and  a  vigorous  evolution  of  carbon 
dioxide  took  place  from  the  dicarboxylic  acid.  After  the  initial  evolu- 
tion of  gas  had  subsided,  the  temperature  was  raised  to  245  °C,  and 
the  second  carboxyl  was  lost  as  carbon  dioxide.  1,2,5-Thiadiazole  was 
distilled  from  the  solution  in  approximately  70%  yield.  Traces  of 
incompletely  decarboxylated  thiadiazolecarboxylic  acids  were  removed 
from  the  product  by  treating  it  with  freshly  crushed  barium  oxide 
and  distilling  the  volatile  product  from  the  oxide  in  a  vacuum  line 
system. 

Acknowledgments 

The  authors  wish  to  thank  the  American  Cyanamide  Company  for 
a  gift  of  hydrogen  cyanide  tetramer,  and  the  National  Science  Founda- 
tion, the  National  Institutes  of  Health,  The  Walter  Reed  Army  Medical 
Research  Institute,  and  Smith,  Kline,  and  French  Laboratories  for 
financial  support  of  this  research. 


Literature  Cited 

1.  Carmack,  M.,  D.  Shew,  and  L.  M.  Weinstock,  1961.  Thiadiazole  derivatives. 
Off.     Gaz.,     765:868     (18     Apr    61);    U.     S.     Patent    2,980,687;     April     18,     1961.     ibid. 

1961.  l,2,5-Thiadiazole-3,4-dicarboxamide.  767:1052  (27  June  61);  U.  S.  Patent 
2,990,408;  June  27,  1961.  ibid.  1961.  3,4-Dicyano-l,2,5-thiadiazole.  767:1052  (27 
June  61);  U.  S.  Patent  2,990,409;  June  27,  1961.  ibid.  1961.  3,4,Dicarboloweralkoxy- 
1,2,5-thiadiazoles  and  process.  773:1107  (26  Dec  61);  U.  S.  Patent  3,014,914; 
December  26,  1961,  ibid.  1961.  4-Carbomethoxy-l,2,5-thiadiazole-3-carboxylic  acid 
and  its  acid  chloride.  773:1107  (26  Dec  61);  U.  S.  Patent  3,014,915.  Carmack  M. 
and  L.  W.  Weinstock.  1962.  l,2,5-Thiadiazole-3-carboxylic  acid  and  related  de- 
rivative   processes.     783:1164     (23     Oct    62);     U.     S.     Patent     3,060,187;     October     23, 

1962.  ibid.  1962.  Novel  3-substituted  1,2,5-thiadiazoles.  784:1333  (27  Nov.  62); 
U.  S.  Patent  3,066,147;  November  27,  1962. 

2.  Clinton,  R.  O.,  and  S.  C.  Laskowski.  1948.  The  preparation  of  methyl  esters. 
J.   Amer.  Chem.   Soc.   70:3135. 

3.  Hinsberg,    O.    1889.    Ueber    piaselenole    and    piazthiole.    Ber.    22:862-6;    2895-2092. 

4.  (a)  Khaletskii,  A.  M.,  V.  G.  Pesin,  and  Tsin  Chou.  1957.  Doklady  akad.  Nauk 
S.S.S.R.  114:811-14;  Chem.  Abstr.  1958,  4605i.  The  Chemistry  of  Piathiole. 
Oxidation    of    3,4-benzo-l,2,5-thiadiazole    and    its    derivatives.     1957.     Proc.     Acad.     Sci. 


Chemistry  173 

U.S.S.R.,  Chem.  Sect.  (English  Transl.)  114:593.  (b)  Pesin,  V.  G.,  A.  M.  Khalet- 
SKir,  and  TSIN  Chou.  1958.  Zhur.  Obshchei  Khim.,  28:2089-94;  Chem.  Abstr. 
1959.  2214d.  Chemistry  of  2,1,3-benzothiadiazole.  VIII.  Oxidation  of  2,1,3-  benzo- 
thiadiazole  and  its  derivatives.  J.  Gen.  Chem.  U.S.S.R.  (English  Transl.)  28:2126- 
30. 

5.  Marquardt,  F.  -H.  1960.  Synthesis  and  Properties  of  1,2,5-thiadiazole  and  its 
derivatives.  Unpublished  Ph.D.  Dissertation.  Indiana  University,  Bloomington 
47401.  229  p.  Diss,  abstr.  1961.  21:3272. 

6.  Michaelis,    A.    1893.    Thionylamine    der    aromatischen    Reihe.    Ann.    Chem.    274 :262-2. 

7.  Mizsak,  S.  A.,  and  M.  Perelman.  1964.  3-Hydroxy-4-substituted  1,2,5-thiadiazoles. 
A  new  synthesis.  J.  Org.  Chem.  31:1964-5. 

8.  Ross,  J.  M.,  and  W.  C.  Smith.  1964.  Hydroxy-l,2,5-thiadiazoles.  I.  A  novel  route 
from  potassium  cyanide  and  sulfur  dioxide.  J.  Am.  Chem.  Soc.  86:2861-8. 

9.  Sekikawa,  I.  1960.  Oxidation  of  5-methyl-2,l,3— benzothiadiazole  with  potassium 
permanganate.  Bull.  Chem.  Soc.  Japan  33:1229-31. 

10.  Shew,  D.  1959.  Derivatives  of  1,2,5-thiadiazole  and  1,2,5-selenadiazole.  Unpublished 
Ph.D.  Dissertation.  Indiana  Unversity,  Bloomington  47401.  142  p.  Diss.  Abstr.  1959. 
20:1593. 

11.  Soptrajanov,  B.,  and  G.  E.  EwiNG.  1966.  Infrared  and  raman  spectra  1,2,5- 
thiadiazole.  Spectrochimica  Acta  22:1417-26. 

12.  Stapleton,  I.  W.  1966.  Part  I.  Some  physical  studies  of  heterocyclic  compounds. 
Part  II.  Stereochemistry  of  disulfides.  Unpublished  Ph.D.  Dissertation.  Indiana 
University,    Bloomington    47401.    148    p.    Diss.    Abstr.    1967.    B27(12)  :4330. 

13.  Street,  R.  W.  1968.  Part  I.  The  synthesis  of  [l,2,5]thiadiazolo[3,4-c]-thiadiazole. 
Part  II.  The  sulfodiimide  bond  system  in  a  seven-membered  ring.  Unpublished 
M.S.  Thesis.  63  p.  Indiana  University,  Bloomington  47401. 

14.  Weinstock,  L.  W.  1958.  Synthesis  and  properties  of  1,2,5-thiadiazole  and  its 
derivatives.  Unpublished  Ph.D.  Dissertation.  Indiana  Univei-sity,  Bloomington 
47401.  133  p.  Diss.  Abstr.  1959.  19:3136. 

15.  Wen,  R.  Y.  1962.  Chemistry  of  1,2,5-thiadiazole.  Unpublished  Ph.D.  Dissertation. 
Indiana  University,   Bloomington   47401.     86  p.     Diss.   Abstr.    1963.     23:4121. 

16.  Zahradnik,  R.,  and  J.  Koutecky.  1961.  Contribution  to  the  chemistry  of  thiadiazols 
and  1,3-thiazol.  Collection  Czech.  Chem.  Commun.  26:156-172. 

17.  Zahradnik,  R.  1965.  Electi*onic  structure  of  heterocyclic  sulfur  compounds,  p.  1-67. 
In  Katritzky,  A.  R.,  A.  J.  BoULTON,  and  J.  M.  Lagowski  [eds.],  Advances  in 
heterocyclic   chemistry,   Vol.   5.     Academic   Press,   New  York   and  London.     395  p. 


ECOLOGY 

Chairman:  James  R.  Gammon,  Zoology  Department, 
DePauw  University,  Greencastle,  Indiana  46135 

Carl  Krekeler,  Biology  Department,  Valparaiso  University, 
Valparaiso,  Indiana  46383,  was  elected  Chairman  for  1971 

ABSTRACTS 

The  Effect  of  Limestone  Sediment  on  Macroinvertebrates.  James  R. 
Gammon  and  David  S.  White,  Zoology  Department,  DePauw  Uni- 
versity, Greencastle,  Indiana  46135. From  1967  through  1969  a  study 

was  conducted  on  the  effect  of  limestone  sediment  originating  from 
a  crushed  rock  quarry  on  the  macroinvertebrate  populations  in  the 
riffles  of  Deer  Creek,  Putnam  County,  Indiana.  During  this  period 
more  than  4,873,000  kilograms  of  sediment  entered  the  stream.  Monthly 
Surber  samples  of  the  macroinvertebrates  were  taken  from  the  riffles 
above  and  below  the  quarry  outfall  and  the  average  densities  and 
diversities  were  examined  and  compared. 

We  found  that  when  amounts  of  sediment  less  than  3600  kilograms 
per  month  entered  the  stream,  the  suspended  solids  load  was  less  than 
twice  the  naturally  occurring  load  and  there  was  no  detectable  effect 
on  the  populations.  When  amounts  greater  than  3600  kilograms  per 
month  entered  there  was  a  10%  decrease  in  the  population  density. 
Even  during  periods  of  significant  population  decrease,  however,  there 
were  no  changes  in  species  composition  and  little  difference  in  diversity 
occurred  as  measured  by  the  Whilm  and  Dorris  index.  When  the  input 
was  great  enough  to  cause  a  build-up  of  sediment  in  the  riffles,  there 
was  also  an  immediate  decrease  in  the  population  density  by  nearly 
70  per  cent.  Recovery  was  almost  immediate  when  the  suspended 
and/ or  settled  sediment  was  eliminated  from  the  riffles. 

The  Conchostracan  Lynceus  (Crustacea)   found  in  Indiana.    William  R. 

Eberly,  Department  of  Biology,  Manchester  College,  N.  Manchester, 
Indiana  46962. — — A  Conchostracan  crustacean  of  the  genus  Lynceus, 
probably  L.  brachyurus,  has  been  collected  on  several  occasions  from 
a  woodland  temporary  pond  one  mile  north  of  North  Manchester  in 
Wabash  County,  Indiana.  Apparently  no  member  of  this  order  of 
crustaceans  has  been  reported  from  Indiana.  Lynceus  is  completely 
enclosed  in  a  nearly  circular  bivalve  shell  without  growth  rings. 
Maximum  size  is  up  to  4.5  millimeters.  Ovigerous  females  are  as 
small  as  3  millimeters.  The  pond  is  heavily  overgrown  by  brush  and 
trees.  Adult  Lynceus  appear  late  in  the  spring  (late  May)  though 
nauplii  have  been  seen  earlier.  The  adults  as  well  as  nauplii  seem 
to  spend  much  of  their  time  foraging  in  the  debris  on  the  bottom 
of  the  pond,  with  the  adults  occasionally  swimming  in  the  open  water 
above.  At  no  time  were  they  abundant;  individuals  were  captured 
as   they  were   observed   swimming.    They   were   associated   with    Chiro- 
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cephalopsis  bundyi  and  Diaptomus  sanguineus  as  well  as  other  typical 
Crustacea  that  occur  in  temporary  ponds. 

A  Rationale  for  the  Retention  of  Lake  Shores  in  a  Natural  State.   H.  E. 

McReynolds,  U.  S.  Forest  Service,  633  W.  Wisconsin  Avenue,  Mil- 
waukee, Wisconsin  53203. Lake  and  stream  shore  lands  in  an  un- 
developed state  are  rapidly  disappearing.  Until  recently  our  philosophy 
— a  vestige  of  Manifest  Destiny — concerning  these  shore  areas  re- 
garded them  as  wastelands  until  such  time  as  human  "improvements" 
upgraded  them  to  a  servitude  to  Man.  As  the  amount  of  such  lands 
decreases,  and  as  we  become  more  knowledgeable  concerning  the 
ecological  interrelationships  of  our  environment,  we  are  beginning  to 
appreciate  the  value  of  these  "wastelands." 

This  paper  points  out  the  increasingly  recognized  values  for  undevel- 
oped shores  of  lakes  and  streams:  hunting,  fishing,  wildlife  viewing, 
botanical  areas,  ecological  study  sites,  water  quality  improvement, 
fish  spawning  areas,  wildlife  habitat,  aesthetics,  and  spatial  buffering. 
These  low-density  uses  have  been  neglected  since  their  values  are 
difficult  to  measure  in  the  market  place.  The  author  attempts  to  show 
the  beneficial  effects  of  natural-state  shoreline  on  water  quality  by 
using  a  series  of  theoretical  lake  problems.  The  discussion  considers 
only  one  of  the  benefits  (amelioration  of  pollutional  impact)  that 
result  from  undeveloped  shore  lands. 

Radionuclide  Uptake  and  Retention  Time  as  Related  to  Epiphyllae  in 
the  Tropical  Rain  ForestJ  Raymond  E.  Henzlik,  Department  of  Physi- 
ology, Ball  State  University,  Muncie,  Indiana  47306. Leaves  of  four 

species  of  rain  forest  trees,  found  on  the  side  of  El  Yunque  Mountain 
in  eastern  Puerto  Rico,  were  contaminated  with  radioactive  solutions 
of  cesium-134  and  strontium-85.  One  set  of  leaves  had  a  rich  growth 
of  epiphyllae,  the  other  set  consisted  of  leaves  macroscopically  free 
of  epiphyllous  growth.  Retention  was  measured  in  the  two  kinds  of 
leaves  under  several  conditions:  1)  in  a  laboratory  "washing"  ex- 
periment, and  2)  in  the  field  where  trees  were  contaminated  for  long- 
term  studies.  Comparisons  were  made  with  data  obtained  from  in- 
vestigation of  natural  radioactive  fallout,  the  latter  being  a  continuing 
input  of  radioactive  contamination  over  many  weeks  and  months. 
Results  suggest  that  one  massive  injection  or  contamination  incident, 
involving  the  radionuclides  of  cesium  and  strontium,  eventuates  in 
a  different  retention  pattern  than  a  gradual,  continuing  input  from 
radioactive  fallout. 

A  concurrent  experiment  was  carried  out  to  determine  where  radio- 
nuclides on  epiphyllae  might  enter,  or  show  up  in,  food  chains  of  the 
Puerto  Rican  rain  forest. 

Two  Quantitative  Methods  of  Evaluating  Natural  Areas  and  Predicting 
Magnitude  of  Change   Following  Modification  by   Man.    Robert  Petty, 


1  Facilities  of  the  United  States  Atomic  Energy  Commission,  the  U.S.  Forest 
Service,  and  the  Puerto  Rico  Nuclear  Center  were  made  available  for  this  study  in 
conjunction   with   a  summer   research  grant   from   the   Oak   Ridge   Associated   Universities. 
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Mission-oriented  characterization  and  evaluation  of  natural  landscapes 
is  one  of  the  major  challenges  to  ecologists.  Resource  agencies,  utility 
companies,  recreation  specialists,  planners  and  numerous  other  parties 
frequently  require  of  professional  ecologists  that  they  provide  sum- 
maries of  ecological  features  and  appraise  the  relative  significance 
of  a  landscape  to  the  regional  ecosystem.  When  controversies  over  land- 
use  revolve  around  such  appraisals,  it  is  especially  incumbent  upon 
the  ecologist  that  he  arrive  at  the  most  objective  judgment  possible 
as  well  as  to  not  exceed  his  own  technical  expertise.  While  absolutes 
are  not  easily  come  by  in  such  matters,  an  initial  "educated  guess" 
can  serve  as  a  useful  beginning  for  more  detailed  studies. 

Two  methods  were  offered  whereby  two  aspects  of  the  above  men- 
tioned evaluation  of  a  natural  area  may  be  made  more  objectively.  One 
involves  the  initial  determination  of  ecological  diversity  and  the  biotic 
community  types  present.  A  second  method  offers  a  means  of  com- 
paring the  relative  ecological  significance  of  landscapes,  where  priority 
ratings  are  important,  by  assigning  quantitative  values  to  various 
features  of  each  tract.  This  involves  weighting  values  in  terms  of 
developmental  time  represented  by  the  feature,  i.e.  its  ecological  age 
or  serai  position,  from  zero  for  first-year  abandonment  to  300  for 
mature  vegetation  in  regional  climax,  and  1,000  for  post-climax  as- 
semblages. These  in  turn  may  be  further  weighted  in  terms  of  prior 
scientific  history  of  the  tract,  i.e.  value  deriving  from  accumulated 
data  on  the  landscape,  previous  and  current  institutional  use  made 
of  the  area  and  its  potential  use  in  predicting  ecosystem  functioning 
on  a  long--term  basis. 

Tall  Fescue  (Festuca  arundinacea  Schreb.)  Winter  Pasture  Developments 
On  Fragipan  Hill  Soils  of  Southern  Indiana.  Maurice  E.  Heath,  Depart- 
ment of  Agronomy,   Purdue   University,   Lafayette,   Indiana   47907. 

Tall  fescue  has  been  increasingly  grown  on  the  fragipan  hill  soils  of 
southern  Indiana  since  1950.  The  southern  third  of  Indiana  is  in  the 
primary  area  of  tall  fescue  adaptation.  Because  of  its  ease  of  estab- 
lishment and  excellent  growth,  one  area  of  research  and  development 
has  been  how  to  use  tall  fescue  effectively  as  winter  pasture  in  the 
soil-forage-ruminant  ecosystem.  As  many  as  196  cow  days  of  grazing 
have  been  obtained  in  midwinter  on  what  was  formerly  abandoned  hill 
land. 

The  spring  growth  of  tall  fescue  is  harvested  as  round  baled  hay 
and  left  in  the  field.  The  regrowth  and  the  round  bales  are  rationed 
as  winter  pasture  to  the  animals  with  an  electric  fence.  Winter  fescue 
growth  occurs  when  temperatures  are  above  4.5  degrees  Centigrade. 
The  size  of  the  area  rationed  should  not  exceed  the  quantity  of  forage 
consumed  in  a  15  to  30  day  period  for  efficient  utilization.  Rationing 
resulted  in  56  per  cent  more  cow  days  than  when  the  cattle  were 
allowed  the  entire  field.  In  principle,  the  tall  fescue  round  bale  sheds 
water  like  a  thatched  roof.  Little  spoilage  was  measured  except  where 
there  was  soil  contact.  A  hill  field  may  be  used  continuously  for  winter 
pasture  when  properly  managed. 
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Physical  and  Chemical  Factors  Influencing  the  Ecology  of  Borrow  Pits. 

Michael  F.  Bayer,  and  William  B.  Crankshaw,  Biology  Department, 

Ball    State    University,    Muncie,    Indiana    47306. Three    borrow    pits 

located  along  Interstate  Highway  69  in  Delaware  County,  Indiana, 
were  selected  for  physical  and  chemical  factor  analysis.  The  pits 
differed  in  size  and  configuration,  in  the  amount  and  distribution  of 
rooted  vegetation,  and  in  the  land-use  pattern  around  them.  On-site 
tests  were  conducted  at  weekly  intervals  on  the  three  pits  at  three 
depths.  Determinations  included  water  and  air  temperatures,  turbidity, 
dissolved  oxygen,  carbon  dioxide,  pH,  phosphate,  nitrate  and  nitrite 
nitrogen.  Evaluation  of  results  indicated  similarity  for  all  three 
pits  in  physico-chemical  factors. 

NOTE 

New  Records  for  Craspedacusta  in  Indiana.  William  R.  Eberly,  Depart- 
ment of  Biology,  Manchester  College,  N.  Manchester,  Indiana  46962. 

The  occurrence  of  the  medusa  of  the  fresh-water  jellyfish,  Craspedacusta, 
is  of  interest  to  many  zoologists  and  ecologists.  Because  the  appear- 
ance of  this  organism  in  lakes  and  other  bodies  of  fresh  water  is 
both  sporadic  and  unpredictable,  any  knowledge  of  new  locations  will 
aid  in  a  better  understanding  of  the  ecology  of  this  interesting  species. 
The  most  recent  compilation  of  the  distribution  of  Craspedacusta  in 
Indiana  is  that  of  Lytle  (1)  who  compiled  records  of  17  localities 
where  the  medusae  had  been  collected  and/or  observed.  The  present 
paper  adds  five  more  new  records  for  Indiana  as  well  as  a  collection 
made  in  Michigan. 

1)  Oliver  Lake,  Lagrange  County 

2)  Olin  Lake,  Lagrange  County 

3)  Bass  Hole,  Lagrange  County 

Specimens  were  collected  from  the  above  3  bodies  of  water  during 
September  and  early  October  of  both  1969  and  1970  by  Roger  Nelson, 
a  biology  student  at  Manchester  College.  These  three  lakes  are  closely 
associated  in  the  same  drainage  system. 

4)  Stillwell  Quarry,  Madison  County   (near  Alexandria) 

Specimens  were  observed  in  large  numbers  near  the  middle  of 
September.  Though  none  were  collected,  they  were  reported  by  re- 
liable observers,  including  Deborah  Hall,  a  student  at  Manchester 
College.  Stillwell  Quarry  is  an  abandoned  stone  quarry  at  the  south- 
west edge  of  Alexandria. 

5)  Luken's  Lake,  Wabash  County 

Specimens  were  obtained  September  4,  1961,  by  Mr.  Galen  Eiler, 
a  biology  teacher  from  Roann,  Indiana.  Luken's  Lake,  like  the  other 
bodies  of  water  mentioned  above,  is  a  clear,  relatively  unpolluted  lake 
with  moderately  hard  water.  None  would  be  considered  eutrophic 
waters. 
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Finally,  it  should  be  reported  that  specimens  of  Craspedacusta 
were  obtained  from  Lake  Elenor,  near  Brethren,  Michigan  (Manistee 
County)  on  September  7,  1970.  They  were  brought  to  the  writer  by 
Manchester  student  Gary  Sturdevant. 
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Using  Injected  Dyes  For  Marking  Fish 

Robert  S.  Benda 

Department  of  Life  Sciences 

Indiana  State  University,  Terre  Haute,  Indiana  47809 

Abstract 

An  easy,  economical  method  for  marking  fish  by  injection  of  acrylic  polymer  dyes 
was  studied  in  the  laboratory  and  the  field.  Forty-two  fish  in  the  laboratory  retained 
recognizable  color  marks  after  8  months  and  8  fish  that  died  retained  marks  at  the 
time  of  death. 

Fish  marked  in  the  field  with  dye  and  an  accessory  pelvic  fin  clip  revealed  that 
the  dye  remained  recognizable  in  92%  of  the  recaptm-ed  fish  after  6  months.  Fish 
recaptured  in  the  second  year  of  the  study  that  had  been  marked  in  the  first  year 
revealed  only  32%  had  retained  a  recognizable  color  mark.  None  of  the  fish  examined 
showed  adverse  effects  from  the  injection.  The  data  show  that  the  dye  is  retained  well 
for   6    to   8    months,    but   retention    of   the    dye   beyond    a   year    is   poor. 

Introduction 

Kelly  (1)  conducted  experiments  with  over  150  chemicals  to  deter- 
mine easily  identifiable,  long-lasting,  weightless,  and  harmless  colored 
marks.  Two  of  the  13  chemicals  found  to  be  durable  for  6  months 
were  Napthol  ITR  Crimson  and  Mars  Black.  Both  of  these  colors 
belong  to  the  acrylic  polymer  emulsion  family.  Arnold  (2)  tested 
2  other  members  of  this  family  (Cadmium  Red  Medium  and  Phthalo- 
cyanine  Green)  and  found  them  to  be  recognizable  after  165  days. 
Eighteen  colors  of  acrylic  polymer,  available  in  paint  stores  under 
the  brand  name  Liquitexi  (Table  1),  were  used  for  both  the  laboratory 
and  field  studies.  They  are  inexpensive,  non-toxic,  and  come  in  metal 
tubes  for  easy  handling. 


Table  1.      The  18  dyes  used  to  mark  fish  in  the  laboratory  and  field  tests.  A  +  indicates 

an  easily  recognizable  color,  — indicates  colors  which  were  difficult  to  separate 

from  similar  colors. 


Name  of  the  dye 


Name  of  the  dye 


Acra  Violet  -f- 
Permanent  Green  Light  + 
Indo  Orange  Light  -f- 
Phthalocyanine  Blue  + 
Cadmium  Yellow  Light  + 
Napthol  ITR  Crimson  + 
Mars  Black  + 
Dioxazine  Purple  + 
Burnt  Sienna  — 


Cerulean  Blue  + 
Yellow  Oranpe  Azo  + 
Hookers  Green  + 
Cadmium  Orange  + 
Raw  Sienna  — 
Yellow  Oxide  + 
Burnt  Umber  — ■ 
Titanium  White  + 
Cadmium  Yellow  Medium  + 


1  "Liquitex"    is    a    registered    trade    mark    used    by    Permanent    Pigments,    Inc.,    Cin- 
cinnati 12,  Ohio. 
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Methods 


Kelly  (1)  injected  dyes  in  the  surface  skin  area  of  the  jaw  and 
cheek  pad  of  his  test  fish.  The  dye  was  injected  using-  a  2V2  cc 
disposable  plastic  syringe  and  #25  needle  (%"  long).  In  the  present 
study  only  the  base  of  the  pectoral  and  pelvic  fins  was  injected.  The 
needle  was  inserted  into  the  fin  base  and  dye  was  released  until  it 
spread  out  into  the  fin  rays.  Marking  technique  rather  than  the  amount 
of  dye  is  more  important  to  produce  a  long-lasting  mark.  To  be  sure 
the  dye  will  stay,  some  of  the  dye  must  be  placed  at  the  base  of  the 
fin  rays  and  near  the  surface  of  the  fin  base.  If  too  much  dye  is 
applied,  the  dye  that  is  near  the  surface  will  cause  the  overlying 
tissue  to  slough  away  and  the  mark  will  be  lost.  The  mark  remains 
recognizable  on  the  inner  surface  of  the  fin  base  better  than  on  the 
outer  surface. 

A  disposable  plastic  10  cc  syringe  and  #26G  needle  (%"  long) 
were  used  to  inject  the  dye.  This  Plastipak-  unit  is  very  practical  and 
economical. 

The  dye  will  stay  fluid  in  the  syringe,  but  the  needle  will  clog 
if  stored  a  week  or  more.  New  needles  will  occasionally  have  to  be 
used  on  the  old  syringe  body,  because  of  the  clogging  and  dulling. 
The  dye  can  be  put  directly  into  the  syringe  from  the  metal  dye  tube 
and  replenished  as  it  is  used. 

Laboratory  Tests 

Fish  were  kept  in  large,  glass  aquaria,  an  80  gallon  plastic 
tank,  and  a  plastic-lined  horse  trough  in  the  Indiana  State  University 
greenhouse.  In  the  late  summer  of  1969,  2  bowfin  Amia  calva,  2  grass 
pickerel  Esox  americanus  vermiculatus,  8  carp  Cyprinus  carpio,  10 
bluegill  sunfish  Lepomis  macrochirus,  15  longear  sunfish  Lepomis  mega- 
lotis,  2  spotted  bass  Micropterus  punctulatus,  1  largemouth  bass 
Micropterus  salmoides,  and  10  white  crappie  Pomoxis  annularis,  rang- 
ing in  length  from  5  to  14  inches  were  injected  in  the  pectoral  and 
pelvic  fins  with  a  different  color  in  each  fin.  The  fish  were  maintained 
on  a  diet  of  red  worms  throughout  the  test. 

Field  Tests 

Fish  in  the  field  were  marked  with  a  single  color  in  one  fin  to 
designate  the  time  and  area  in  which  they  were  captured.  All  fish 
were  captured  with  a  battery-powered,  DC  shocking  unit.  The  fish 
most  often  marked  were,  longnose  gar  Lepisostens  osseus,  shortnose 
gar  Lepisosteus  platostomus,  gizzard  shad  Dorosoma  cepedianum,  carp, 
bluegill  sunfish,  longear  sunfish,  spotted  bass,  white  crappie,  and  black 
crappie  Pomoxis  nigromaculatus.  Other  species  were  captured  and 
marked,  but  their  numbers  were  small  compared  to  the  abovementioned 
species. 


2  "Plastipak"     is     a     registered     trade     mark     used     by     Becton-Dickinson     and     Co., 
Rutherford,  New  Jersey. 
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The  field  tests  were  conducted  as  part  of  a  two-year  study  of 
thermal  effluents  in  the  White  River,  near  Petersburg,  Indiana.  The 
study  was  financed  by  the  Indianapolis  Power  and  Light  Company. 

Results 

The  fish  kept  in  the  greenhouse  retained  a  recognizable  mark 
after  8  months  for  all  18  colors.  Mortality  during  this  period  was 
16%.    The  8  dead  fish  retained  recognizable  marks  at  the  time  of  death. 

In  the  field  the  marking  program  was  begun  in  June  1969  and 
by  October  1969,  179  marked  fish  had  been  recaptured.  Fourteen  of 
these  (7.8%)  had  not  retained  the  dye  and  were  identified  by  their 
clipped  right  pelvic  fin.  During  the  marking  and  collecting  period 
of  1970,  which  extended  from  June  through  October,  160  of  the  1970- 
marked  fish  were  recaptured  and  again  14  (8.8%)  were  identifiable 
only  by  a  clipped  left  pelvic  fin.  Of  113  fish  recaptured  in  1970  after 
having  been  marked  in  1969,  77  (68%)  were  recognizable  by  the 
clipped  right  pelvic  fin.  The  data  indicates  the  dye  is  useful  from 
6  to  8  months,  but  retention  beyond  1  year  is  poor. 

Neither  Kelly  (1),  nor  Arnold  (2)  mentioned  any  infection  in  the 
mark  site.  Gerking  (3)  noted  infection  at  the  marking  site  in  his  latex 
injected  fish,  but  did  not  discuss  preventative  measures.  Infection 
was  observed  early  in  the  study  at  the  mark  site  in  a  number  of  the 
recaptured  fish  in  1969.  Dipping  the  needle  into  100%  ethyl  alcohol 
prior  to  each  injection  eliminated  the  problem  of  infection  at  the  mark 
site.  In  both  the  laboratory  and  the  field  the  dyes  showed  no  adverse 
effects  on  the  condition  of  the  fish. 

Discussion 

The  acrylic  polymers  are  an  efficient  and  economical  method  for 
marking  fish  for  short-term  projects  up  to  a  year  in  duration.  There 
are  numerous  fin-color  combinations  possible  for  fish  identification 
and  to  indicate  the  time  and  place  of  capture.  Careful  technique  when 
the  dye  is  injected  will  enable  the  worker  to  keep  the  percent  of 
marks  lost  to  a  minimum;  as  only  a  small  amount  of  dye  will  produce  a 
recognizable  mark.  This  method  was  successfully  used  for  fish  less 
than  2  inches,  but  is  easier  to  apply  to  larger  fish. 
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Thermal  Pollution  of  a  Small  River 
by  a  Large  University:  Bacteriologic  al  Studies 

Thomas  D.  Brock  and  Ilse  Yoder 

Department  of  Microbiology 

Indiana  University,  Bloomington,  Indiana  47401 

Abstract 

The  Jordan  River,  which  flows  through  the  Bloomington  campus  of  Indiana 
University,  arises  on  the  campus  as  a  series  of  small  cold-water  springs.  Temperature 
measurements  indicate  that  one  effect  of  the  university  on  the  river  is  an  increased 
water  temperature.  The  temperature  optima  of  bacteria  at  selected  stations  on  the 
river  and  in  several  cold-water  springs  away  from  the  campus  have  been  measured 
using  an  in  situ  radioisotope  technique.  It  was  found  that  the  temperature  optima 
in  general  parallel  the  temperature  of  the  habitat.  Studies  also  showed  that  Thermus 
aquaticus,  a  non-spore-forming  extreme  thermophile,  was  present  in  heated  but  not 
in    non-heated    water    and    might    be    used    as    an    indicator    of    thermal    pollution. 

Introduction 

The  Jordan  River,  which  flows  through  the  Indiana  University 
campus  at  Bloomington,  arises  on  the  campus  as  a  series  of  small 
cold-water  springs.  This  small  river,  with  flow  rate  less  than  1  cu 
ft/ sec,  is  now  being  influenced  by  the  university  complex,  and  tempera- 
ture measurements  provide  an  excellent  picture  of  how  such  a  large 
building  complex,  in  no  significant  way  different  from  any  other  urban 
development,  has  increased  the  water  temperature  of  the  river.  This 
has  happened  even  though  the  university  does  not  intentionally  affect 
the  river.  The  thermal  additions  arise  either  from  unobserved  leaks 
in  steam  lines,  from  condensate  of  air  conditioning  units,  or  from 
cooling  units  of  distilled  water  systems. 

In  the  present  paper  we  provide  data  on  the  extent  of  the  thermal 
effect  and  present  studies  on  the  resident  bacterial  populations  found 
in  normal  and  heated  water. 

Methods 

Temperature  was  measured  with  a  Yellow  Springs  Instrument 
Co.  thermistor.  The  temperature  optima  of  the  resident  bacteria 
were  determined  using  the  cover  slip  technique  of  Bott  and  Brock 
(2),  using  C14-acetate.  The  presence  and  amount  of  Thermus  aquaticus 
in  water  samples  was  determined  using  a  nine-tube  Most  Probable 
Number  method  (1)  with  three  tubes  at  each  dilution  of  the  water 
sample.  Incubation  was  at  70  °C  in  the  medium  of  Brock  and  Freeze 
(5)  and  all  tubes  showing  turbidity  after  1,  2  and  3  days  were  noted. 
On  the  third  day  of  incubation,  all  tubes  showing  turbidity  were 
streaked  on  agar  medium  and  after  incubation  at  70 °C  the  presence 
of  typical  yellow  pigmented  colonies  noted.  Yellow  colonies  were 
examined  microscopically  for  the  presence  or  absence  of  spores  and 
for  the  typical  T.  aquaticus  morphology. 
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Results 

Figure  1  shows  the  general  geography  of  the  area  and  the  loca- 
tion of  stations  where  temperature  readings  were  made.  Temperatures 
were  taken  at  weekly  or  monthly  intervals,  depending  on  the  season 
of  the  year.  Temperatures  at  several  control  areas  were  also  taken. 
Ellettsville  Spring  is  a  typical  cold-water  spring  about  10  miles 
from  the  campus  and  remains  constant  in  temperature  at  about  12 °C 
year  around.  Jackson's  Creek  is  a  small  creek  arising  in  the  same 
geological  formation  as  the  Jordan  River  but  flowing  in  a  different 
direction.  Its  temperature  varies  throughout  the  year  in  parallel 
with  variations  in  air  temperature.  Figure  2  provides  temperature 
data  at  selected  stations  for  about  1  year;  detailed  data  at  all  sta- 
tions can  be  obtained  from  the  authors.  Station  15  on  the  Jordan 
River  is  sufficiently  away  from  sources  of  heat  that  its  temperature 
also  varies  with  air  temperature.  The  other  stations  on  the  Jordan  River 
show  heating  effects  of  various  magnitude.  Station  30b  is  the  most 
dramatic,  its  temperature  ranging  around  48-56  °C  throughout  the  year. 
This  station  is  a  small  side  branch  immediately  adjacent  to  one  of 
the  large  steam  pipes.  Station  10  is  the  effluent  from  the  air  condi- 
tioner for  the  large  university  auditorium.  Although  it  only  flows 
in  the  summer,  when  flowing  it  averages  36° C.  Station  16  is  the 
branch  arising  as  five  springs  beneath  Jordan  Hall.  The  exact  source 
of  the  heat  for  this  station  is  not  known  but  we  do  know  that  the 
springs  themselves  are  warm  as  they  come  out  of  the  ground  beneath 
the  building. 
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Figure    1.     Map    of    Jordan    River    through    the    Indiana    University    campus,    giving    lo- 
cations   of    stations    where    temperatures    were    measured.    Not    all    buildings    are    shown. 
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Figure    2.     Annual    variation    in    temperature    at    selected    stations.      Those    stations    not 
otherwise  specified   are   in   the   Jordan   River  on   the  Indiana    University   campus. 


After  we  had  identified  a  series  of  habitats  of  differing  tempera- 
ture characteristics  we  determined  the  temperature  optima  of  the 
resident  bacteria  using  the  cover  slip-isotope  technique  described  by 
Bott  and  Brock  (2).  It  was  assumed  that  the  bacteria  which  grew 
on  submerged  cover  slips  were  representative  of  those  living  attached 
to  natural  substrates  in  the  water.  By  using  colonized  cover  slips 
we  were  certain  that  the  organisms  we  were  dealing  with  had  de- 
veloped at  known  temperatures.  Temperature  optima  were  then  de- 
termined by  measuring  the  rate  of  C14-acetate  incorporation  of  replicate 
cover  slips  incubated  with  the  isotope  at  different  temperatures.  Note 
that  cover  slips  were  incubated  with  isotope  only  for  an  hour  and 
that  they  were  used  without  pretreatment  and  within  a  few  hours 
(at  most)  after  removal  from  the  habitat.  At  no  time  before  the 
isotope   experiment  was   begun   were   the   cover   slips   allowed  to   reach 
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temperatures  significantly  different  from  those  in  the  natural  environ- 
ment. 

Figure  3  presents  representative  data.  The  stations  studied  in- 
clude those  given  in  Figure  2  which  should  be  studied  in  comparison. 

The  temperature  optima  in  general  parallel  the  temperatures  of  the 
natural  habitats,  the  warmer  habitats  having  higher  temperature 
optima.  These  results  confirm  other  studies  carried  out  in  Yellowstone 
National  Park  (4).  However,  the  population  developing  in  Ellettsville 
Spring,  where  the  temperature  is  12  °C  year  around,  has  an  optimum 
higher  than  12 °C. 

Recently  we  have  described  a  new  genus  and  species  of  bacteria, 
Thermus  aquaticus,  representatives  of  which  are  widespread  in  thermal 
environments,  both  natural  and  man-made  (5).  Thermus  aquaticus 
is  a  non-spore-forming  yellow  pigmented  bacterium  which  grows 
optimally  at  about  70°C,  but  grows  also  at  50-55°C.  Since  it  was 
found  in  hot  tap  water  and  in  steam  lines,  it  seemed  possible  that 
it  could  be  used  as  an  indicator  of  thermal  pollution.  The  procedure, 
described  in  Methods,  was  based  on  sanitary  bacteriological  water 
analysis.  Representative  data  are  given  in  Table  1.  Note  that  these 
studies  were  done  in  summer  when  the  unpolluted  streams  are  fairly 
warm,  although  the  springs  of  course  remain  cool.  The  results  show 
that  T.  aquaticus  was  not  found  in  the  cool  springs  or  a  normal  stream, 
but  was  found  in  the  thermally  polluted  Jordan  River.  The  counts 
at  Station  30b,  temperature  56  °C,  were  quite  high. 

Discussion 

These  data  provide  a  quantitative  measure  of  the  extent  to  which 
Indiana  University  causes  heating  of  the  Jordan  River.  Our  main 
purpose,  however,  was  to  use  the  river  as  a  convenient  habitat  for 
studies  on  bacteriological  aspects  of  thermal  pollution.  The  use  of 
the  cover  slip-isotope  technique  permits  in  situ  study  of  the  tempera- 
ture optima  of  bacterial  populations  which  have  developed  under 
known  temperature  conditions.  It  is  clear  that  the  bacteria  developing 
in  the  warmer  waters  have  temperature  optima  which  parallel  the 
temperatures  of  their  environments.  These  observations  suggest  that 
in  the  warmer  waters,  once  a  stable  temperature  has  been  maintained 
at  a  location  for  some  time,  if  the  water  should  become  either  cooler 
or  warmer,  bacterial  metabolism  should  slow  down.  Thus  one  cannot 
assume  that  a  further  warming  of  the  water  will  lead  to  an  immediate 
increase  in  bacterial  metabolism.  However,  the  temperature  optimum 
of  the  bacteria  living  in  the  cold  Ellettsville  Spring  is  considerably 
higher  than  the  temperature  of  the  habitat.  Unpublished  studies  in 
some  other  cold  springs  in  southern  Indiana  by  Fred  Passman  also 
showed  similar  results.  Thus  bacteria  living  at  low  temperatures  are 
not  optimally  adapted  to  their  environment  and  will  probably  begin 
to  grow  and  metabolize  faster  immediately  upon  being  warmed. 
Thus  the  initial  effect  of  thermal  pollution  in  cold  springs  should 
be  to  increase  bacterial  action. 


Ecology 


187 


3 


E      i 


Ellettsville 

Spring 


Station    16 


Station    10 


Station    30b 


Temperature     (°C ) 


Figure     3.      Temperature    optima    of    microflora    developing    on    substrates    immersed    at 
the   stated   locations.     For   temperatures    of    the   stations   through    the   year,   see   Figure   2. 
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Table  1.     Thermus  aquaticus  as  an  indicator  of  thermal  pollution. 


Location 


Date 


Temperature  °C     MPN  Index/ 100  ml 


Cold-water  Springs 

Farm    Spring 

7/  2/69 

9.0 

Ellettsville    Spring 

7/  2/69 

LI.  5 

Unpolluted  Stream 

Bean     Blossom    Creek 

8/19/69 

24.0 

Jordan  River 

Below    station     12 

7/16/69 

34.0 

Station  16 

14-42 

Station    30b 

8/19/69 

56.0 

N.D. 

N.D. 

N.D. 

20 

* 

15,000 

MPN  index  calculated  as  described  in  (1). 

N.D.  None  detected. 

*  Non-pigmented  T.  aquaticus  detected  by  Ramaley  and  Hixson   (6). 

The  Jordan  River  is  a  convenient  study  area  as  it  is  readily 
accessible  to  our  laboratory  and  long  term  changes  in  thermal  character- 
istics can  be  followed.  In  addition  to  the  present  work,  this  river 
has  been  used  in  studies  on  the  growth  of  Sphaerotilus,  a  filamentous 
bacterium  often  associated  with  organic  pollution  (3). 
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Changes  in  the  Molluscan  Fauna  of  the  Saint  Joseph  River, 
Indiana,  between  1959  and  1970 
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Saint  Mary's  College,  Notre  Dame,  Indiana  46556 

Abstract 

This  report  is  based  on  a  review  of  the  literature,  an  examination  of  museum 
collections,   and   a  survey   of   the   bottom   organisms   in   the   summers   of    1959    and    1970. 

The  populations  of  large  bivalves,  Unionidae,  have  declined  from  about  20  species 
to  10,  and  the  size  of  the  living  populations  of  several  species  has  decreased  in  the 
past  11  years.  Species  of  Sphaeriidae  are  common  throughout  the  drainage  system. 
The  univalve  populations  indicate  changes  similar  to  the  large  bivalves  but  to  a  lesser 
degree. 

Habitat  alterations  augmented  by  significant  industrial,  domestic,  agricultural,  and 
recreational  forces  are  major  factors  responsible  for  the  changes  in  the  molluscan 
populations. 

Introduction 

Efforts  to  abate  environmental  deterioration  are  frequently  stymied 
by  the  lack  of  basic  biological  data.  The  paucity  of  biotic  information 
about  the  Saint  Joseph  River  Watershed,  in  particular  the  portion 
in  Indiana,  prompted  me  to  study  the  bottom  organisms.  A  survey 
was  conducted  in  the  summer  of  1959  (4)  and  again  in  the  same 
months  in  1970  to  compare  the  status  of  species  over  an  11-year 
period. 

Clams  and  snails  are  at  times  good  indicators  of  changes  in 
a  drainage  system.  This  paper  gives  the  present  status  of  molluscans 
in  the  Saint  Joseph  River  Drainage  in  Indiana,  notes  population 
trends,  particularly  in  the  last  decade,  and  suggests  causes  of  the 
changes  in  populations. 

Publications  directly  related  to  the  molluscan  populations  in  the 
Saint  Joseph  River  in  Indiana  are  scarce.  The  pearl  button  industry, 
which  flourished  in  the  last  decade  of  the  19th  century  and  for  several 
decades  of  the  20th  century,  had  some  influence  on  the  clam  populations 
in  the  Saint  Joseph  River  Watershed.  Several  species  of  commercial 
value  were  established  in  the  watershed,  but  only  Actinonaias  carinata 
remains  in  appreciable  numbers  in  the  portion  of  the  watershed  in 
Indiana.  Call  (2,  3)  contributed  greatly  to  the  early  knowledge  of 
Mollusca  of  Indiana.  Wenninger  (11)  described  15  species  of  Unionidae 
which  were  collected  chiefly  from  the  river  in  the  South  Bend  area. 
Notes  on  the  biology  of  the  Saint  Joseph  River  by  Dolley  (5)  in- 
clude basic  information  on  10  species  of  clams  and  several  species 
of  snails.  Henry  van  der  Schalie  (10)  summarized  the  collection 
data  of  the  naiad  fauna  of  the  Saint  Joseph  River  Drainage  in  South- 
western Michigan.  In  1944,  Goodrich  and  van  der  Schalie  (6)  published 
a  revision  of  the  Mollusca  of  Indiana. 
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Over  50  major  collecting  sites  were  studied  in  1959.  Most  of  these 
areas  were  included  in  the  1970  survey.  Twenty-five  areas  were  in 
various  habitats  along-  the  40  to  50  miles  of  the  Saint  Joseph  River 
from  the  Indiana-Michigan  state  line  north  of  Bristol,  Indiana,  to 
the  state  line  north  of  South  Bend,  Indiana.  Collections  in  the  major 
tributaries  included  the  Fawn,  Pigeon,  Little  Elkhart,  and  Elkhart 
rivers.  Rock,  Solomans,  Turkey,  and  Yellow  creeks,  all  tributaries 
of  the  Elkhart  River,  were  studied.  Also,  small  creek  collecting  sites 
included  Judy,  Cobus,  Christiana,  Pine,  and  Baugo. 

The  molluscan  collections  were  made  by  handpicking,  short  rakes, 
and  the  Ekman  dredge.  Great  fluctuations  in  the  water  level  due  to 
variations  in  rainfall  and  control  by  the  use  of  dams  made  hand- 
picking  possible  in  the  majority  of  the  areas.  In  deep  water  a  motor 
boat  was  used. 

Bivalves — Unionidae 

The  mucket,  Actinonaias  carinata  (Barnes),  and  the  lady  finger, 
Ellvptio  dilatatus  (Rafinesque),  are  very  common  in  the  Saint  Joseph 
River  Drainage  in  Indiana.  Actinonaias  carinata  is  found  in  more  di- 
verse habitats  and  in  considerably  larger  numbers  than  E.  dilatatus. 
The  mucket  is  desirable  for  the  manufacturing  of  pearl  buttons  and 
nuclei  for  cultured  pearls  (8,  9).  The  major  collecting  sites  and  the 
changes  in  the  populations  of  the  unionid  mussels  are  listed  in  Table  1. 

Eight  unionid  mussels  were  found  in  widely  scattered  populations, 
but  never  in  large  numbers  of  individuals.  Alteration  of  the  habitats 
in  small  tributaries  has  decreased  the  number  of  slipper  shells, 
Alasmidonta  calceolus  (Lea),  and  the  paper  shell,  Anodontoides  ferus- 
sacianus  (Lea),  from  1959  to  1970.  Small  populations  of  the  elk's  toe, 
Alasmidonta  marginata  (Say),  and  the  fluted  shell,  Lasmigona  costata 
(Rafinesque),  are  mixed  with  other  species  in  the  stable  habitats  of 
the  Saint  Joseph  River  and  in  the  larger  tributaries.  The  distribution  of 
the  Wabash  pigtoe,  Fusconaia  flava  (Rafinesque),  and  the  Ohio  River 
pigtoe,  Pleurobema  cordatum  coccineum  (Conrad),  are  very  similar. 
However,  the  populations  of  F.  flava  are  much  larger.  Three  large 
populations  of  the  squaw's  foot,  Strophitus  rugosus  (Swainson),  were 
found.  A  single  population  of  the  paper  pond  shell,  Anodonta  imbecillis 
Say,  was  found  in  July  1970  in  a  quiet,  muddy  area  near  an  island 
upstream  from  Bristol,  Indiana.  Goodrich  and  van  der  Schalie  (6) 
reported  this  species  as  having  a  sporadic  distribution  in  quiet,  muddy 
waters. 

Three  other  species  are  considered  limited  to  a  few  adults  in 
isolated  habitats  and  are  on  the  verge  of  extinction  from  the  Saint 
Joseph  River  Drainage  in  Indiana.  A  few  large  shells  of  each  of 
these  species  were  collected,  some  of  the  valves  were  still  attached 
by  the  hinge  ligament,  but  no  living  clams  were  found.  The  fat  mucket, 
Anodonta  grandis  Say,  is  included  in  older  records  as  common  in  the 
Saint  Joseph  River  in  Indiana.  Goodrich  and  van  der  Schalie  (6) 
listed  A.  grandis  as  one  of  the  most  common  species  in  Indiana  because 
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of  its  ability  to  live  in  a  wide  variety  of  habitats.  In  contrast  to 
the  delicate  shell  of  A.  grandis  the  heavy  shell  of  the  purple  warty- 
back,  Cyclonaias  tuberculata  (Rafinesque),  preserves  well  when  buried. 
Large  numbers  of  the  purple  warty-back  were  uncovered  in  1970  during 
excavations  for  a  new  bridge  in  Bristol,  Indiana.  Lastly,  the  pocket- 
book,  Lampsilis  ventricosa  (Barnes),  is  widely  distributed  in  Indiana 
as  stated  by  Goodrich  and  van  der  Schalie  (6).  Records  indicate  that 
this  bivalve  was  common  in  the  Saint  Joseph  River  and  was  of  com- 
mercial value  (9). 

A  few  greatly  deteriorated  shells  of  eight  additional  species  were 
found.  These  species  are  considered  extinct  from  the  Saint  Joseph 
River  Drainage  in  Indiana.  Three  valves  of  Actinonaias  ellipsiformis 
(Conrad)  were  taken  near  Bristol,  Indiana.  Isolated  shells  of  the 
three-ridge,  Amblema  costata  Rafinesque,  were  found  in  the  South 
Bend  area  of  the  Saint  Joseph  River.  Dredging  in  recent  years  un- 
covered shells  and  the  specimens  in  the  collections  at  the  University 
of  Notre  Dame  are  listed  from  South  Bend,  Indiana,  and  nearby 
Bertrand,  Michigan.  A  few  shells  of  Carunculina  glans  (Lea)  and 
C.  parva  (Barnes)  were  taken  from  the  Little  Elkhart  River,  a  small 
tributary  of  the  Saint  Joseph  River.  Goodrich  and  van  der  Schalie  (6) 
listed  C.  glans  as  common  in  most  of  the  smaller  streams  in  Indiana 
and  C.  parva  as  found  in  the  northern  part  of  the  state,  but  most 
commonly  in  the  headwaters  in  streams  of  southern  and  central  Indiana. 
The  snuffbox,  Dysnomia  triquetra  (Rafinesque),  was  reported  from  the 
Saint  Joseph  River  Drainage  in  Indiana  by  Goodrich  and  van  der 
Schalie  (6).  They  also  stated  that  it  is  seldom  in  large  numbers.  Records 
indicate  that  the  black  sand  shell,  Ligumia  recta  latissima  (Rafinesque), 
was  formerly  a  common  inhabitant  of  the  Saint  Joseph  River  in 
Indiana,  particularly  in  the  South  Bend  area.  Shells  of  the  pimple 
back,  Quadrula  pustulosa  (Lea),  and  the  deer's  toe,  Truncilla  truncata 
Rafinesque,  were  recovered  from  the  dirt  among  the  roots  of  several 
large  trees  which  were  uprooted  recently  in  the  Elkhart,  Indiana,  area 
of  the  Saint  Joseph  River. 

Bivalves — Sphaeriidae 

Sphaeriids  are  very  common  in  the  Saint  Joseph  River  Drainage 
in  Indiana.  Populations  are  established  in  diverse  habitats  which 
include  very  stagnant  areas.  Overhanging  banks  and  dead  clam 
shells  in  stagnant  depressions  form  excellent  microhabitats  for  sphaeriids. 
In  July  1970  a  single  clam,  Actinonaias  carinata,  with  valves  attached 
at  the  hinge  and  measuring  6.5  cm  in  height  and  11.0  cm  in  length, 
was  taken  from  a  muddy  depression  of  the  Saint  Joseph  River  north 
of  the  toll  road  bridge,  upstream  from  Bristol,  Indiana.  The  valves 
of  this  unionid  contained  a  population  of  5564  Sphaeriiim  transversum 
(Say)  which  could  be  divided  into  4  age  groups  based  on  total  length: 
1-3  mm  (4724);  4-7  mm  (492);  8-11  mm  (258);  12-16  mm  (90). 

In  accordance  with  the  classification  established  by  Herrington 
(7),    several    species    of   Sphaerium    and    Pisidium   are    common   in   the 
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Saint  Joseph  River  Drainage  in  Indiana.  Sphaerium  transversum  (Say), 
Pisidium  casertanum  (Poli),  and  P.  compression  Prime  have  been  identi- 
fied. An  intensive  taxonomic  study  has  been  initiated. 

Univalves 

The  main  stream  of  the  Saint  Joseph  River  Drainage  in  Indiana 
has  many  large  populations  of  Goniobasis  Uvescens  (Menke)  and  Campe- 
loma  decisum  (Say).  Goniobasis  Uvescens  inhabited  a  great  variety  of 
habitats.  The  populations  in  1970  were  as  large  as  in  1959.  However, 
C.  decisum  was  more  abundant  in  1959.  Both  snails  occur  in  large 
numbers  in  most  of  the  shallow,  weedy  areas  of  the  Saint  Joseph 
River  and  in  the  major  tributaries. 

Pleurocera  acuta  Rafinesque  is  confined  to  the  Saint  Joseph  River 
and  the  Pigeon  River.  Populations  have  been  greatly  reduced  in  the 
last  11  years.  Large  shells  are  scarce  in  recent  years. 

Viviparus  japonicus  (von  Martens),  an  imported  snail,  is  abundant 
in  two  areas  of  the  Elkhart  River  downstream  from  Goshen,  Indiana. 

Small  colonies  of  Helisoma  trivolvis  (Say)  inhabited  the  shallow, 
stagnant  areas  of  many  of  the  small  tributaries  of  the  Saint  Joseph 
River.  Most  of  the  colonies  were  attached  to  algal  coated  branches, 
boards,  metal  containers  and  other  debris  which  have  accumulated  in 
many  of  the  small  streams. 

Gyraulus  deflectus  (Say)  are  common  inhabitants  of  the  shallow 
lily-pad  areas  of  the  protected  sections  of  the  Saint  Joseph  River 
Drainage.  This  species  is  widely  distributed,  but  the  number  of 
individuals  in  each  population  is  usually  small. 

Physa  heterostropha  (Say)  was  collected  in  most  shallow,  pro- 
tected areas  of  the  Saint  Joseph  River  Drainage.  It  seems  to  be  absent 
only  in  the  areas  where  the  current  is  swift  during  all  or  part  of  the 
year. 

Aplexa  hypnorum  (Linnaeus)  inhabited  the  headwaters  of  many 
of  the  small  creeks  of  the  Saint  Joseph  River  Drainage.  Some  of  the 
populations  were  large. 

Two  species,  Valvata  tricarinata  Say  and  V.  sinccra  Say,  were  col- 
lected in  most  of  the  weedy  areas  of  the  Saint  Joseph  River  and  the 
major  tributaries. 

Species  of  the  genus  Ferrissia  were  common  in  the  weedy  areas 
of  the  river.  Many  individuals  were  attached  to  clam  shells  in  the 
South  Bend  area. 

Two  large  populations  of  Amnicola  lustrica  Pilsbry  were  found  in 
a  weed-bed  in  the  South  Bend  area  of  the  Saint  Joseph  River  in  1959. 
A  smaller  number  was  recovered  from  the  same  area  in  the  summer 
of  1970. 
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Population  Trends  and  Causes 

The  populations  of  the  large  bivalves  (Unionidae)  in  the  Saint 
Joseph  River  Drainage  in  Indiana  have  declined  both  in  number  of 
species  and  number  of  individuals.  Quantitative  records  are  lacking 
in  the  early  reports  of  bivalves.  However,  insofar  as  can  be  ascer- 
tained from  the  literature  and  preserved  collections,  approximately 
20  species  have  been  listed  from  the  Indiana  portion  of  the  Saint 
Joseph  River  Drainage.  My  collections  (1959  and  1970)  contain  records 
of  10  living  species  and  some  indications  of  3  additional  species  in 
isolated  habitats.  Only  2  of  the  10  species,  Actinonaias  carinata  and 
Elliptio  dilatatus,  are  very  common.  One  of  the  10,  Anodonta  imbecil- 
lus,  has  not  been  listed  in  former  records.  Thus,  the  number  of  species 
has  been  reduced  by  about  one-half.  Also,  a  comparison  of  the  1959 
and  1970  collections,  which  were  largely  from  the  same  areas,  indicates 
a  definite  decline  in  the  number  of  established  populations  and  in  the 
number  of  individuals  in  the  populations  for  5  of  the  10  species. 

Comparative  data  on  the  Sphaeriidae  populations  are  not  available. 
The  1959  and  1970  collections  contain  several  species  of  the  two 
accepted  genera,  Sphaerium  and  Pisidium.  Specimens  have  been  collected 
from  a  wide  variety  of  habitats  in  the  Saint  Joseph  River  Drainage. 
Species  of  this  family  may  be  useful  indicators  of  water  quality  and 
habitat  conditions  when  more  biological  data  are  known.  An  intensive 
taxonomic  and  habitat  study  has  been  started. 

Statements  of  population  trends  of  the  univalves  in  the  Saint 
Joseph  River  Drainage  in  Indiana  are  less  definitive  than  those  for 
the  larger  bivalves.  Quantitative  information  is  not  available  in  the 
literature.  However,  my  records  of  Pleurocera  acuta  over  the  last  11 
years  show  a  significant  decline  in  the  main  populations  which  inhabit 
the  Saint  Joseph  River  in  the  areas  upstream  from  Elkhart,  Indiana. 
To  a  lesser  degree,  the  populations  of  Campeloma  decisum  and  Amnicola 
lustrica  have  also  been  reduced.  The  many  populations  of  Goniobasis 
livescens  were  larger  or  equally  as  large  in  1970  as  in  1959.  The 
numerous  small  populations  of  the  other  species  did  not  show  a  change 
during  this  same  period. 

The  decline  in  the  molluscan  populations,  in  particular  those  of 
many  large  bivalves,  has  been  caused  by  several  factors.  Undoubtedly 
a  major  aspect  has  been  alterations  in  the  habitats.  The  suitable  habitats 
for  large  bivalves  in  any  river  system  are  restricted  by  fluctuation 
in  water  level  due  to  variable  seasonal  and  annual  precipitation.  This 
variable  has  been  augmented  by  control  measures,  the  power  dams. 
August  1959  was  an  extremely  dry  period.  The  water  level  on  several 
days  was  reduced  by  dam  controls  to  a  level  where  large  beds  of 
clams  were  exposed  and  desiccated.  New  bridges,  roads,  retaining 
walls,  and  landfills  have  destroyed  many  stable  habitats.  Many  of  the 
small  tributaries  of  the  Saint  Joseph  River  have  been  diverted  into 
ponds  and  small  lakes.  These  habitats  have  been  changed,  the  physical 
characteristics  of  the  water,  i.e.  the  temperature,  have  been  altered. 
Domestic   sewage   and    industrial   wastes,   in   spite   of   recent   abatement 
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measures,  have  considerable  influence  on  the  molluscan  populations. 
Likewise,  sediment  from  erosion,  agricultural  practices,  and  housing 
developments  have  had  a  restricting  influence  on  the  Mollusca.  Baker 
(1)  and  Krumholz  et  at.  (8)  have  reported  similar  limiting  factors  of 
the  molluscan  populations  in  other  drainage  systems. 


Table   1.     Major    collecting    sites    and    population    trends,    from    1959    to    1970, 
unionid  mussels  in  the  Saint  Joseph  River  Drainage  in  Indiana. 


of    the 


Species 


Collecting  Sites 


Population  Trends 


Very  Common,  Many  Population? 

Actinonaias  carinata 

Elliptio  dilatatus 
Common,  Scattered  Populations 

Alasmido7ita  calceolus 

A lasmidonta  marginata 

Anodonta  imbecillis 

Anodontoides  ferussacianus 

Fusconaia  flava 

Lasmigona  costata 

Pleurobema  cordatum 

Strophitus  rugosus 
Few,  Shells  Only 

A  nodonta  grandis 

Cyclonaias  tuberculata 

Lampsilis  ventricosa 
Rare,  Deteriorated  Shells  Only 

A ctinonaias  ellipsiformis 

Amblema  costata 

Carunculina  glans 

Carunculina  parva 

Dysnomia  triquetra 

Ligumia  recta 

Quadrula  pustulosa 

Truncilla  truncata 


Saint  Joseph  ;  all  major  streams 
Saint  Joseph  ;  Pigeon  ;  Elkhart 

Most  small  streams 
Saint  Joseph  ;  Pigeon 
Saint  Joseph  ;  one  area 
Most  small  streams 
Saint  Joseph  ;  Pigeon  ;  Elkhart 
Saint  Joseph  ;  Pigeon  ;  Elkhart 
Saint  Joseph  ;  Elkhart 
Saint  Joseph  ;  Pigeon 

Saint  Joseph,  South  Bend  area 
Saint  Joseph,  Bristol  area 
Saint  Joseph  ;  Pigeon  ;  Elkhart 

Saint  Joseph,  Bristol  area 
Saint  Joseph,  South  Bend  area 
Little  Elkhart 
Little  Elkhart 
Saint  Joseph,  Bristol  area 
Saint  Joseph,  South  Bend  area 
Saint  Joseph,  Elkhart  area 
Saint  Joseph,  Elkhart  area 


No  change 
Declined  greatly 

Declined 
No  change 
Not  found  1959 
Declined  greatly 
Declined 
Declined 
No  change 
No  change 

No  change 
No  change 
No  change 

Not  found  1959 
No  change 
No  change 
No  change 
Not  found  1959 
Declined 
Not  found  1959 
Not  found  1959 


High-speed  motor  boats  and  water  skiing  disturb  microhabitats  of 
bottom  organisms.  The  shallow  areas  of  the  river  and  shoreline  region 
are  particularly  affected  by  these  activities.  The  principal  harm  done 
is  the  mixing  of  bottom  sediments  into  the  water. 

In  conclusion,  the  Saint  Joseph  River  Drainage  in  Indiana  has 
been  changing  gradually  from  "free-flowing"  bodies  of  water  toward 
controlled,  restricted  channels  and  ditches.  Many  small  floodplain  areas 
have  been  eliminated.  The  habitat  alterations  augmented  by  significant 
industrial,  domestic,  and  agricultural  influence  on  the  water  supply 
have  destroyed  some  species  of  Mollusca  and  greatly  reduced  the  popu- 
lation of  others. 

The  Asiatic  clam,  Corbicula  fluminea  Muller,  has  not  been  found  in 
this  drainage,  but  is  abundant  in  the  Wabash  and  White  rivers,  and 
the  cultured  pearl  industry  as  reported  by  Krumholz  et  al.  (8)  has  not 
affected  the  Saint  Joseph  River  population  of  Mollusca. 
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It  is  very  difficult  to  examine  all  of  the  numerous  small  tributaries 
of  the  Saint  Joseph  River  and  the  isolated  habitats  within  the  river. 
Other  species  may  be  found  in  future  studies.  Some  species  not  re- 
ported for  the  Saint  Joseph  River  Drainage  in  Indiana  have  wide 
geographic  distributions  and  are  recorded  for  adjacent  drainage  systems. 
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Abstract 

There  are  recurring  complaints  from  older  fishermen  that  fish  today  are  fewer 
and  smaller  than  "when  I  was  a  boy."  These  allegations  are  difficult  for  the  fishery 
biologist  to  either  affirm  or  refute.  Few  opportunities  exist  in  which  reliable  fish 
growth  or  population  data  from  1930  or  before  can  be  compared  with  recent  studies. 
Growth  data  from  a  1959-62  study  of  some  lakes  in  the  same  general  area  as  Hile's 
1929  investigations  present  some  inferential  evidence  on  the  subject.  It  appears  that, 
in  some  situations  at  least,  growth  rates  for  bluegill  sunfish  in  northeastern  Indiana 
lakes  were  actually  greater  in  earlier  decades.  Conversely,  there  are  also  insinuative 
indications    that   populations    in    the    late    1920's    were    of    lower    densities. 

Introduction 

Fisheries  biologists  are  continually  confronted  by  older  fishermen 
with  two  related  claims  which  have  been  difficult  to  either  refute  or 
corroborate.  The  statements  usually  take  the  form  of  "The  fish  we 
catch  today  aren't  as  big  as  we  used  to  catch  when  I  was  a  boy," 
or  "There  were  more  fish  when  I  was  a  kid  than  there  are  now." 
Basically,  these  claims  of  more  and  larger  fish  during  the  earlier 
decades  of  this  century  have  been  difficult  to  evaluate  due  to  the 
paucity  of  population  and  growth  data  from  that  era.  Fisheries 
science  was  at  that  time  in  its  infancy  with  most  of  the  studies 
concerned  with  natural  history  and  pisciculture  rather  than  age-and- 
growth,  population  dynamics,  fish  physiology,  or  other  later  fields  of 
investigation. 

One  of  the  earliest  comprehensive  age-and-growth  studies  was 
Ralph  Hile's  excellent  investigation  of  the  lakes  of  northeastern 
Indiana  during  1926  to  1929  (4).  During  1959  to  1962,  the  Fisheries 
Research  Section  of  the  Indiana  Division  of  Fish  and  Game  conducted 
studies  of  four  northeastern  Indiana  lakes.  Although  these  investiga- 
tions were  primarily  directed  toward  an  evaluation  of  liberalized 
fishing  regulations,  age-and-growth  studies  were  an  integral  part  of 
this  project. 

The  authors  feel  that  even  though  Hile's  investigation  and  the 
Division   of   Fish   and   Game   study   dealt  with   different  lakes,   there   is 


1  The  1959-62  data  are  taken  from  a  Federal  Aid  in  Fish  Restoration  study 
(F-4-R)  with  the  approval  of  the  Indiana  Division  of  Fish  and  Wildlife.  Both  authors 
were  biologists  with  the  Fisheries  Research  Section,  Indiana  Division  of  Fish  and 
Wildlife,  at  the  time  of  the  study. 
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a  great  similarity  in  climatic,  physiographic  and  edaphic  factors. 
There  is  an  opportunity  here  to  compare  growth  data  from  the  same 
geographic  region  but  with  a  time  differential  of  30  years.  Sufficient 
comparative  growth  data  existed  only  for  the  bluegill,  and  only  Age- 
group  III  within  this  species  seemed  appropriate  for  a  growth  analysis. 
Difference  in  measurements  used  in  the  two  studies  necessitated  con- 
version of  Hile's  data  to  total  length  (TL),  and  lengths  of  fish  in  milli- 
meters were  used  rather  than  Hile's  centimeters. 

Discussion 

Growth  rate  changes,  even  if  linear  in  nature,  may  be  difficult  to 
distinguish  over  a  short  period  of  time  (2-6  years),  especially  if  in- 
cremental changes  are  small.  Exceptions  to  this,  of  course,  are  those 
rates  affected  by  catastrophic  events  (sporadic  pollution,  winter  kill, 
intense  droughts,  etc.).  We  would  expect,  however,  that  the  ecological 
changes  deriving  from  gradual  cultural  impact  or  natural  eutrophication 
would  be  of  a  lower  intensity.  Even  decennial  comparisons  may  not 
be  conclusive;  minute  growth  rate  changes  of  the  magnitude  of  a 
millimeter  per  year  may  go  undetected  even  over  a  10-year  period. 

Dr.  Hile's  study  included  specimens  from  a  number  of  northeastern 
Indiana  lakes,  but  only  three  collections  of  Age-group  III  fish  are 
»f  large  enough  numbers  to  be  fairly  reliable.  These  were  the  samples 
from  Dewart  Lake  during  August,  1929  (35  fish);  Winona  Lake,  July 
and  August,  1929  (23  fish);  and  Hyndman  Lake,  August,  1929  (33 
fish).  (Author's  note:  Dr.  Hile's  summarization  table  in  the  Appendix 
(Table  LXXXVII)  is  in  error  (4).  Age-groups  are  recorded  as  one 
year  older  than  they  actually  are.  Instead,  refer  to  individual  lake  tables 
in  the  body  of  the  paper  (Tables  XLVI,  XLVIII,  and  LXVI)  where  the 
data  are  correctly  recorded.) 

There  were  several  reasons  for  concentrating  on  Age-group  III 
bluegills.  One  was  Hile's  larger  and  more  reliable  samples  in  this 
age-group.  Secondly,  the  three-year-old  bluegills  are  generally  the 
numerically  superior  group  of  those  in  which  the  angler  is  interested. 
Three-year-olds  often  fall  in  a  length  range  of  5.5-7.0  inches,  and  only 
the  very  fast  growing  two-year-olds  reach  a  length  attractive  to  fish- 
ermen. Third,  this  is  the  age  at  which  most  bluegills  spawn  for  the 
first  time,  therefore,  the  largest  percentage  of  the  spawning  stock 
is  composed  of  three-year-old  fish. 

Hile's  fish  were  measured  in  an  approximation  of  standard  length 
(SL)  from  tip  of  snout  to  edge  of  last  scale  (4)  whereas  specimens 
in  the  present  study  were  measured  in  total  length  (tip  of  snout  to 
depressed  tips  of  caudal  fin).  This  necessitated  the  use  of  a  conversion 
factor  to  adjust  Hile's  data  to  total  lengths  for  comparative  purposes. 
Such  coefficients  have  been  computed  by  previous  investigators  and 
are  available  in  the  literature.  Beckman  (2)  and  Carlander  and  Smith 
(3)  have  both  presented  figures  for  converting  standard  length  to 
total  length  in  the  size  range  of  Hile's  Age-group  III  specimens. 
For    Michigan    bluegills    Beckman    gives    conversion    factors    of    1.261 
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(102-163  mm  SL)  and  1.246  (over  163  mm  SL).  Carlander  and  Smith 
(3)  determined  conversion  coefficients  of  1.225  (100-159  mm  SL)  and 
1.205  (160-189  mm  SL)  for  Minnesota  bluegills  (3).  In  Table  1  the 
average  lengths  for  3-year-old  bluegills  from  the  four  lakes  of  the 
present  study  are  compared  with  Hile's  Age-group  III  bluegills  from 
Dewart,  Winona,  and  Hyndman  lakes.  Both  the  Beckman  conversion 
figures  and  the  ones  proposed  by  Carlander  and  Smith  (3)  have 
been  used  to  adjust  Hile's  standard  lengths  to  total  lengths. 

Table    1.     A    comparison   of  Age-group    III   bluegills   from    7   northeastern   Indiana   lakes. 

Average  lengths  in  millimeters 
Date  of  (with  conversion  to  inches  and 

Investigator  Lake  Collection         tenths  in  parentheses) 

Original    data    converted    to    average    total    lengths    by    the    Beckman    coefficient 
(average    standard    length    X    1.261    or    1.246    =    average    total    length). 

Hile  Dewart  August,  1929  202  (7.9)  total  length1 

Winona  July,  Aug.,  1929  190  (7.5)      "         "^ 

Hyndman  August,  1929  206  (8.1)      "         W1 

Original    data    converted    to    average  total    lengths    by    the    Carlander    and    Smith 

coefficient    (average    standard   length  X    1.225    or    1.205    =    average   total    length). 


Hile 

Dewart 

August,  1929 

193  (7.6)  total  length 

" 

Winona 

July,  Aug.,  1929 

185  (7.3)       " 

" 

Hyndman 

August,  1929 

199  (7.8)      " 

Weaver  and 

McReynolds 

Long 

1959-62  (average) 

152  (6.0)  total  length1 

" 

Sand 

1959-62  (average) 

162  (6.4)      "         "i 

a 

Mateer 

1959-62  (average) 

139  (5.5)      "         "x 

a 

Still 

1959-62  (average) 

153  (6.0)      "         "x 

1  Number  of  fish  in  sample:   Dewart   (35);  Winona  (23);   Hyndman  (33);   Long  (110); 
Sand  (123);  Mateer  (125);  Still   (88). 

A  comparison  of  the  data  presents  an  obvious  picture  of  faster 
growth  for  the  bluegills  in  Hile's  collections.  This  argument  is  further 
strengthened  by  the  larger  average  size  in  most  of  Hile's  Age-group 
IV  fish,  but  the  growth  differential  is  less  pronounced  in  these  four- 
year-olds  and  also  in  the  five-year-old  fish.  It  should  be  noted  that 
much  of  Hile's  collecting  was  done  by  1%  inch  mesh  gill  nets,  through 
which  some  of  the  smaller  members  of  Age-group  III  could  presuma- 
bly escape.  This  type  of  selectivity  would  tend  to  produce  a  somewhat 
greater  average  length  in  the  age-group  than  actually  existed.  Hile's 
suspicion  that  selectivity  was  present  in  his  Age-group  III  fish  is 
supported  by  the  decline  of  the  growth  gap  between  older  age-groups. 
A  study  of  Hile's  three-year-old  bluegills  shows  no  average  lengths 
(ranges  are  not  given)  smaller  than  184  mm  after  conversion  to 
total  length.  Only  two  age-group  II  fish  were  taken  in  gill  nets  and 
these  were  178  mm  TL  or  greater.  All  of  the  other  smaller  two-year-old 
bluegills  were  captured  by  angling  or  seining.  From  these  capture 
data,  it  seems  probable  that  the  lower  limit  of  catchability  of  Hile's 
gear  has  produced  an  inferior  truncation  of  this  age-group.  It  appears 
that   the   smallest   bluegills   retained   by   the   gear  were   in   the    170-180 
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mm  range  (Fig.  1).  Therefore,  the  slower-growing  three-year-olds 
escaped  capture,  and  the  average  lengths  for  the  groups  are  inflated. 
The  apparent  growth  gap  between  Hile's  Age-group  II  fish  and  those 
from  the  present  study  is  probably  real,  but  with  a  lower  differential 
than  is  immediately  discernible  from  the  non-annotated  figures. 


Length 

On"] 
mm ! 

Tl] 


200- 


110- 


120 


40 


'; — Average  lot  truncated 

age-group  HI 

— Actual  average  for  age-group  HI 


180    Lower  limit 
of  gear 

170  Capability 


-Range 


Figure     1.      Diagram,     indicates    how     truncation    of    lower    end    of    year-class    by    year 
selectivity     can    produce    a    year-class     average    growth     rate     higher     than     that     which 

actually   exists. 


If  we  assume  that  the  bluegills,  at  least  in  some  instances,  had 
a  faster  growth  rate  in  the  latter  1920's  than  they  do  have  now, 
this  raises  some  questions  about  the  reasons  for  such  a  situation. 
In  this  regard — although  he  was  not  thinking  along  these  lines — some 
of  Hile's  comments  are  thought-provoking.  Dr.  Hile  states  "In  several 
lakes,  the  results  of  fishing  proved  so  meager  that  any  attempt  at 
securing   a    satisfactory    sample    would    be    impractical    because    of   the 
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great  amount  of  time  required.  The  gill  net  used  in  the  summer  of 
1929  was  160  yards  long  and  had  a  depth  of  12  feet.  Yet  quite  fre- 
quently, a  set  of  5  or  6  hours  netted  a  catch  of  less  than  20  specimens. 
As  an  illustration  of  the  scantiness  of  the  catches,  it  may  be  cited 
that  Pike  Lake  was  visited  4  days,  Spear  Lake  3  days,  Big  Barbee, 
Little  Barbee,  and  Silver  Lakes  2  days,  and  Kuhn  Lake  1  day  with 
the  results  as  indicated  in  the  table."  (4). 

The  total  capture  for  the  14  net/days  cited  by  Dr.  Hile  was 
89  fish  of  combined  species  or  about  6.4  fish/net/day.  It  seems  almost 
inconceivable  that  at  present  we  could  set  a  net  of  the  size  of  Hile's 
net  and  catch  only  an  average  of  6  or  7  fish  of  all  species  each  day. 
However,  in  a  situation  where  the  paucity  of  a  population  is  such  as  Hile 
infers,  it  would  naturally  follow  that  high  growth  rates  would  exist, 
assuming  that  the  population  depressant  was  not  food  availability. 
A  number  of  studies  have  pointed  out  the  increased  growth  rates 
stemming  from  lower  population  densities.  Pirognikoff  (5)  has  at- 
tributed the  decline  in  growth  of  rudd  in  Russia's  Lake  Chani  to  an 
increasing  population  density,  and  Beckman  (1)  in  Michigan  has 
shown  that  removal  of  a  portion  of  a  rock  bass  population  produced 
increased  growth  rates  in  the  remainder. 
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Abstract 

The  meadow  jumping  mouse,  Zapus  hudsonius,  has  been  taken  in  45  counties  and 
doubtless  occurs  throughout  Indiana,  but  the  woodland  jumping  mouse,  Napaeozapus 
insignia,  should  no  longer  be  considered  a  resident  of  the  state.  Zapus  hudsonius 
is  a  hibernator;  early  spring  records  for  Indiana  are  April  23,  24,  25,  and  28,  and 
late  records  are  October  24,  27,  28,  November  12  and  20.  Less  than  15%  of  the 
animals  taken  in  late  fall  had  accumulated  fat  indicating  that  Zapus  probably  ac- 
cumulates fat  quickly,  and  immediately  enters  hibernation.  Dermacarus  hypudaci,  a 
non-feeding  transport  stage  (hypopus)  of  a  mite  was  the  most  abundant  form  of 
associate  found  in  the  fur  of  Z.  hudsonius,  at  an  estimated  average  of  42.7  per 
mouse.  Other  mites  taken,  were  Androlaelaps  fahrenholzi  [209  taken],  Ornithonyssus 
bacoti  [8],  Macrocheles  sp.  [1],  and  Radfordia  sp.  [1],  and  the  chiggers  Euschongastia 
peromysci  [12],  Neotrombicula  whartoni  [5],  Eutrombicula  alfreddugesi  [3],  and 
Leptotrombidium  myotis  [1].  Three  ticks,  all  Dermacentor  variabilis,  and  one  flea, 
Orchopeas  leucopus,  were  also  taken.  Internal  parasites  have  not  been  identified,  but 
7  mice  harbored  cestodes  and  2  harbored  trematodes.  The  12  most  important  foods  of 
Zapus  in  our  sample  of  131  mice  were  Impatiens  seeds,  Endogone,  unidentified  grass 
seeds,  Triodia  flava  seeds,  Setaria  seeds,  lepidopterous  larvae,  miscellaneous  vegetation, 
Phleum  pratense  seeds,  green  grass  seeds,  Hymenog aster,  unidentified  seeds,  and 
Dactylus  glomerata  seeds. 

Introduction 

Two  species  of  jumping-  mice,  Zapodidae,  have  been  reported  from 
Indiana,  Zapus  hudsonius,  the  meadow  jumping  mouse,  and  Napaeo- 
zapus insignis,  the  woodland  jumping*  mouse.  Zapus  hudsonius  was 
indicated  by  Lyon  (12)  to  be  found  "sparingly  throughout  Indiana," 
and  "nowhere  common  in  the  state."  Hahn  (3)  who  did  much  trap- 
ping failed  to  take  a  single  specimen.  Mumford  (15)  stated  that 
Zapus  hudsonius  "is  uncommon  over  the  northern  one-third  of  the 
state  and  rare  almost  everywhere  else."  Napaeozapus  insignis  is  known 
from  a  single  specimen  (No.  65310  in  the  Museum  of  Zoology  at  the 
University  of  Michig-an)  from  Turkey  Run  State  Park  in  Parke  County 
(13),  collected  July  28,  1930,  by  P.  F.  Hickie. 

The  purposes  of  this  study  were  to  present  information  on  the 
food,  habitat,  parasites  and  reproduction  of  Zapus  hudsonius  and  to 
determine  the  present  status  of  Napaeozapus  insignis  in  Indiana. 


Materials  and  Methods 

A  total  of  152  specimens  of  the  meadow  jumping-  mouse,  Zapus 
hudsonius,  was  taken  by  snap-back  mousetraps,  mostly  from  Vigo 
[71  specimens],  Parke  [45],  Gibson  [14],  Pulaski  [10]  and  Martin 
[4]  Counties,  with  one  or  two  specimens  being  taken  from  several 
other  counties.  Specimens  are  distributed  over  the  seasons  as  follows: 
April    [4    specimens],    May    [3],    June    [16],    July    [12],    Aug-ust    [2], 
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September  [102],  October  [16]  and  November  [2].  Most  specimens 
were  examined  for  external  and  larger  intestinal  parasites,  and  standard 
measurements  and  reproductive  observations  were  recorded.  Stomach 
contents  were  emptied  into  watch  glasses,  and  the  percent  volume 
of  each  kind  of  food  was  estimated.  Most  jumping  mice  were  collected 
between  1965  and  1970. 

Napaeozapus  insignis 

The  general  range  of  Napaeozapus  insignis  is  northeast  and  ap- 
proaches Indiana  most  closely  in  Oakland  County,  in  eastern  Michigan, 
or  about  75  miles  northeast  of  Indiana  (4).  However,  Klingener  (9) 
studied  the  Oakland  County  specimen  and  concludes  that  it  is  Zapus 
hudsonius.  This  means  that  the  closest  Michigan  localities  where 
Napaeozapus  has  been  taken  are  in  Crawford  and  Oscoda  Counties 
in  the  northern  part  of  the  lower  peninsula  or  about  185  miles  north 
of  the  Indiana  border,  and  335  miles  northeast  of  the  Turkey  Run 
locality.  In  Ohio,  the  locality  nearest  to  Indiana  where  this  species 
has  been  taken  is  in  Geauga  County,  about  310  miles  northeast  of 
the  Turkey  Run  locality,  and  about  150  miles  east  of  Indiana. 

A  total  of  22,428  trap-nights  of  effort  was  conducted  in  wooded 
areas  in  and  around  Turkey  Run  State  Park  in  several  habitats 
which  would  have  been  good  Napaeozapus  habitat  in  New  York  (21). 
No  woodland  jumping  mice  were  caught,  although  372  mammals  were 
taken,  including  45  meadow  jumping  mice.  (Other  mammals  taken  in 
Turkey  Run  Park  under  permits  from  the  Indiana  Department  of 
Natural  Resources,  Division  of  State  Parks,  were  Peromyscus  leucopus 
[232  individuals],  Blarina  brevicauda  [76],  Zapus  hudsonius  [45], 
Microtus  pinetorum  [6],  Tamias  striatus  [4],  Mus  musculus  [4],  Soi-ex 
cinereus  [1],  Sorex  longirostris  [1],  Synaptomys  cooperi  [1],  Microtus 
ochrog aster  [1],  and  Microtus  pennsylvanicus  [1]. 

There  would  seem  to  be  several  possibilities  for  our  failure  to 
take  Napaeozapus.  The  original  specimen  could  have  been  misidentified. 
Both  skin  and  skull  are  present  and  have  been  studied  by  both  Kling- 
ener (9)  and  us.  All  agree  that  the  specimen  in  the  Michigan  museum  is 
Napaeozapus  insignis,  even  though  it  is  faded  and  is  a  subadult.  Also, 
there  is  no  question  whether  Hickie  was  in  Turkey  Run  at  the  proper 
time.  There  is  a  specimen  of  Tamias  striatus  in  the  Michigan  Museum 
taken  there  by  Hickie  on  July  28,  1930. 

The  possibility  that  the  species  has  become  extinct  in  Turkey 
Run  was  raised  by  Mumford  (15).  This  seems  unlikely  since  Turkey 
Run  Park  today  affords  excellent  Napaeozapus  habitat  and  has  for  many 
years.  Possibly  the  species  is  very  rare  in  the  park,  but  in  view  of 
the  amount  of  trapping  during  the  present  study,  and  since  Zapus 
utilizes  the  habitats  often  occupied  by  Napaeozapus,  we  have  tended 
to  feel  that  this  alternative  is  not  the  correct  one. 

Possibly  a  labeling  error  occurred,  with  the  specimen  not  originating 
at   Turkey   Run   at   all.     It   seems   strange   that   Hickie   would   overlook 
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a  fresh  specimen  of  Napaeozapus  since  fresh  specimens  are  quite 
distinct  from  Zapus,  and  since  Hickie  was,  we  assume,  familiar  with 
Napaeozapus  from  Michigan  but  he  donated  the  specimen  in  question 
to  the  museum  as  Zapus.  It  was  only  later  recognized  as  Napaeozapus. 
Also  Hickie  was  attuned  to  the  idea  of  finding  species  new  to  Indiana. 
He  and  Harrison  turned  up  the  first  woodrats,  Neotoma  floridana, 
and  swamp  rabbits,  Sylvilagus  aquaticus  (6,  7)  known  from  Indiana. 
The  specimen  in  question  was  not  catalogued  in  the  Michigan  Museum 
until  2  years  after  its  capture.  Could  a  specimen  of  Hickie's  from 
Michigan  have  been  mislabeled  as  an  Indiana  specimen  from  Turkey 
Run?  We  feel  that  this  or  some  other  labeling  error  is  a  distinct 
possibility. 

We  conclude  that  Napaeozapus  should  not  be  considered  as  a  resi- 
dent in  Indiana  until  such  time  as  another  specimen  should  turn  up. 

Zapus  hudsonius 

Distribution  in  Indiana 

Zapus  hudsonius  has  been  collected  in  45  widely-distributed  Indiana 
counties  although  there  are  none  from  the  counties  along  the  Ohio 
River  in  southeastern  Indiana  (Fig.  1). 

Hibernation  Period  and  Fat  Accumulation 

Zapus  hudsonius  was  first  taken  in  traps  in  New  York  after  con- 
tinuous trapping  on  April  30,  May  2,  April  25,  and  April  25  in  4 
consecutive  years,  with  males  preceding  the  females  from  hibernation 
(20).  Females  were  taken  an  average  of  15.5  days  after  the  first 
males  those  same  years.  Dates  of  the  last  Zapus  taken,  again  with 
continuous  trapping  in  3  consecutive  years  were  October  18,  November 
1,  and  October  20. 

No  effort  was  made  to  determine  the  dates  of  emerging  or  entering 
into  hibernation  during  the  present  study,  but  the  following  records 
are  noteworthy.  Four  jumping  mice  were  seen  or  taken  on  April 
23,  24,  25  and  28.  Two  of  these  dates  are  1  and  2  days  earlier  than 
any  taken  in  New  York.  In  Indiana  5  mice  were  taken  after  October 
22  (only  2  mice  were  taken  after  October  22  in  New  York,  even  with 
concentrated  trapping).  Late  dates  for  the  Indiana  specimens  are 
October  24,  27,  and  28,  and  November  12  and  20.  It  appears  that 
Zapus  is  active  somewhat  longer  in  Indiana  than  in  New  York. 

In  New  York  surprisingly  few  jumping  mice  were  very  fat  even  in 
the  last  2  weeks  before  hibernation  (20).  Also,  there  was  a  decrease 
in  the  population  size  of  Zapus  between  fall  and  spring,  and  the 
average  weight  of  individuals  in  the  spring  population  was  slightly 
greater  than  that  in  the  fall  population.  Whitaker  concluded  that 
some  individuals  started  building  a  layer  of  fat  about  September, 
that  it  took  about  2  weeks  for  this  to  occur,  that  the  animals  then 
immediately  entered  hibernation,  and  that  only  those  animals  that 
were  able  to  reach  the  adult  size  and  attain  a  layer  of  fat  survived 
hibernation.     There   is   evidence    (5,    14,    16)    that   fat  production    takes 
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Figure  1.      Indiana  counties  from  which  there  are  specimens  in  collections  of 
Zapus  hudsonius. 
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about  2  weeks  and  that  individuals  enter  hibernation  at  different 
times.  Whitaker  further  concluded  that  the  smaller  animals  must 
have  entered  hibernation  since  they  disappeared  from  the  field,  but 
that  they  must  have  died  during  hibernation. 

Only  8  of  68  (11.8%)  mice  taken  in  the  last  half  of  September 
had  accumulated  a  gram  or  more  of  fat,  while  of  those  taken  in 
October  and  November,  2  of  14  (14.3%)  had.  These  figures  are  very 
close  to  the  percentages  of  fat  animals  found  during  the  New  York 
studies. 

Reproduction 

Little  reproductive  information  was  accumulated  during  the  pres- 
ent study,  but  3  females  were  pregnant,  with  6  (20  May),  5  (21 
June)  and  5  embryos  (21  July).  None  of  17  adult  females  taken  in 
September  was  pregnant,  but  3  had  placental  scars,  indicating  August 
pregnancies. 

External  parasites 

Ticks,  fleas,  botflies  and  lice  are  relatively  uncommon  on  meadow 
jumping  mice  (20),  but  the  forms  that  have  been  reported  from  this 
species  are  the  ticks  Dermacentor  variabilis,  and  Ixodes  muris;  the 
fleas  Orchopeas  leucopus,  Megabothris  asio,  M.  quirini,  M.  wagneri, 
Stenoponia  americana,  Corrodopsylla  curvata,  Ctenopthalmus  pseuda- 
gyrtes,  the  botfly,  Cuterebra  sp.,  and  a  louse  Neohaematopinus  sp.  The 
main  external  parasites  of  Zapus  in  New  York  were  the  hypopus  (non- 
feeding,  or  transport  stage)  of  the  mite  "Labidophorus"  which  has  now 
been  identified  as  Dermacarus  hypudaei  (17).  Hypopi  were  found  on 
57.7%  (334)  of  579  mice  from  New  York  examined  for  these,  and 
many  of  the  mice  examined  had  several  hundred  of  the  mites.  Radfordia 
ewingi,  a  small  white  mite  which  is  often  imbedded  in  the  skin  was 
also  often  taken  on  Z.  hudsonius  in  New  York,  being  found  on  49  of 
579  mice  (8.5%).  Androlaelaps  fahrenholzi  (^Haemolaelaps  glasgowi) 
was  found  on  14  (2.4%)  of  the  mice  examined.  Other  mites  found 
on  Zapus  from  New  York  were  Eulaelaps  stabularis,  Laelaps  kochi, 
Haemogamasus  ambulans  (=H.  alaskeyisis)  and  the  chiggers,  Neotrom- 
bicula  subsignata,  Eutrombicula  alfreddugesi  and  Neoschongastia  sp. 

Dermacarus  hypudaei  was  the  most  abundant  of  the  external  para- 
sites of  Zapus  in  Indiana  with  60  of  the  100  mice  examined  harboring 
a  total  of  4275  mites  of  this  species  for  an  average  of  42.7  per  mouse 
(conservatively  estimated).  Unsuccessful  attempts  were  made  to  get 
hypopi  to  transform  into  adults. 

A  total  of  21  chiggers  was  found  on  6  of  the  100  individuals  of 
Z.  hudsonius  from  Indiana  examined  during  the  present  study.  Twelve 
were  Euschongastia  peromysci  (Ewing),  five  were  Neotrovnbicula  whar- 
toni  Ewing,  three  were  Eutrombicula  alfreddugesi  Oudemans  and  one 
was  Leptotrombidium  sp.  Of  these,  only  E.  alfreddugesi  had  been 
previously  reported  from  Indiana,  and  only  E.  alfreddugesi  had  been 
reported  from  Z.  hudsonius.    The  chigger  identifications  were  confirmed 


206  Indiana  Academy  of  Science 

by  Dr.  Richard  B.  Loomis  of  Long  Beach  State  College,  Long  Beach, 
California,  and  Leptotrombidium  sp.  is  currently  being  described  by 
him. 

The  most  abundant  external  parasite  of  Z.  hudsonius  in  Indiana 
other  than  labidophorine  hypopi  was  Androlaelaps  fahrenholzi  (Ber- 
lese),  found  on  many  species  of  small  mammals.  A  total  of  209 
specimens  was  found  on  22  of  the  jumping  mice  examined,  for  an 
average  of  2.09  per  mouse  (range  of  1  to  93). 

Eight  mites,  Ornithonyssus  bacoti  Hirst,  were  found  on  three 
individuals  of  Z.  hudsonius.  Ornithonyssus  bacoti  is  primarily  found 
on  the  housemouse,  Mus  musculus.  Three  ticks,  Dermacentor  variabilis 
(Say),  were  found  on  two  of  the  mice,  and  a  flea,  Orchopeas  leucopus 
(Baker),  was  found  on  one.  One  immature  male  myobiid,  Radfordia 
sp.,  and  a  macrochelid,  Marocheles  sp.  were  taken.  Eight  mites,  not 
identified,  but  apparently  occurring  as  free-living  accidentals,  were 
also  found. 

Internal  parasites 

Eight  of  127  (6.3%)  mice  examined  during  the  present  study  har- 
bored larger  internal  parasites  (Bacteria  and  Protozoa  were  not 
sought).  A  total  of  79  cestodes  was  found  in  7  (5.5%)  and  a  total 
of  158  trematodes  was  found  in  2  of  the  mice  (1.6%),  157  of  them 
in  one  mouse  which  also  contained  20  cestodes.  Identification  of  the 
internal  parasites  will  be  made  at  a  later  date.  Thus  internal  parasites 
are  not  abundant  in  Zapus  hudsonius  in  Indiana  as  was  the  case  in 
New  York  (20) ;  other  records  of  internal  parasites  in  Zapus  hudsonius 
are  in  several  papers  (1,  2,  10,  11,  18). 

Food  habits 

Zapus  hudsonius  accepted  most  kinds  of  insects  and  most  fruits 
and  seeds  in  laboratory  food  preference  studies  (16).  Whitaker  (20) 
presented  information  on  the  stomach  contents  of  796  individuals  of 
Z.  hudsonius  from  New  York.  In  spring,  animal  materials,  particularly 
lepidopterous  larvae  and  Coleoptera  were  important,  but  as  the  summer 
progressed,  seeds  especially  grass  seeds  became  more  heavily  used,  with 
the  kinds  of  seeds  varying  as  they  became  available.  The  subterranean 
fungus,  Endogone,  was  an  important  food  in  the  summer  and  fall, 
forming  10  to  20%  of  the  total  food  by  volume  at  that  time. 

The  stomachs  of  131  Zapus  were  examined  during  this  study 
(Table  1).  Seeds  of  touch-me-not  (Impatiens)  were  most  important 
followed  by  the  fungus  (Endogone) ,  unidentified  grass  seeds,  seeds  of 
foxtail  grass  (Setaria),  and  seeds  of  purple-top  grass  (Triodia  flava). 
Seeds  of  Impatiens  became  available  in  the  late  summer  and  fall  and 
can  be  easily  identified  often  before  the  stomach  is  opened,  because 
the  blue  endosperm  of  the  seed  can  be  seen  even  through  the  stomach 
wall.  Endogone  is  a  particularly  common  food  of  both  Zapus  hudsonius 
and  Napaeozapus  insignis  (19).  It  forms  about  12%  of  the  diet  in 
Z.  hudsoyiius  and  about  35%  of  the  diet  of  Napaeozapus  insignis.  Little 
is  known   about  the  biology  or  occurrence  of  the  fungus  and  it  is  not 
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known  how  or  where  the  mice  find  it.  The  food  value  that  might  be 
obtained  from  this  food  is  questionable.  The  question  is  often  raised 
whether  Endogone  might  be  ingested  along  with  other  food.  This 
does  not  appear  to  be  the  case.  Endogone  is  not  found  consistently  with 
any  other  food,  and  more  important,  Endogone  spores  often  make  up  a 
very  large  portion  of  the  stomach  contents.  Percent  volume  estimates 
of  Endogone  in  17  of  the  131  stomachs  examined  were  100,  85,  80  [3 
stomachs],  70,  60  [3],  55  [2],  and  50  [6].  Also  50.4%  of  the  mice 
had  some  Endogone  in  their  stomachs,  a  greater  percentage  than  was 
the  case  for  any  other  food.  These  data  leave  no  doubt  that  the  fungus 
is  sought  out  and  eaten  by  the  mice.  Possibly  they  locate  it  by 
olfaction. 


Table  1. 

Food  of  131  meadow  jumping  mice,  Zapus  hudsonius, 

from  Indiana. 

Item 

Percent  volume 

Percent  frequence 

Impatiens   seeds  21.4  27.5 

Endogone  15.6  50.4 

Setaria    seeds  10.0  10.7 

Unidentified    grass    seeds  9.6  18.3 

Triodea   flava   seeds  9.0  13.7 

Lepidopterous   larvae  5.7  13.7 

Miscellaneous    vegetation  4.6  15.3 

Phleum  pratense  seeds  3.7  3.8 

Green    grass    seeds  3.4  6.1 

Hymenogaster  1.8  4.6 

Unidentified    seeds  1.7  4.6 

Dactylus   glomerata  seeds  1.5  1.6 

Slugs  1.3  1.6 

Curculionidae  1.1  2.3 

Green    vegetation  1.0  1.6 

Cerastium    seeds  0.9  4.6 

Rumex   acetosella  seeds  0.8  2.3 

Bromus   seeds  0.8  0.8 

Panicum    seeds  0.8  0.8 

Elymus    seeds  0.8  0.8 

Echinochloa    seeds  0.6  0.8 

Rubus    fruit  0.6  1.6 

Unidentified  animal  0.5  2.3 

Oxalis  seeds  0.5  0.8 

*  Other  items   comprising<0.5%   volume  2.5 

100.2 

*  Other  items  in  order  of  decreasing  importance:  Coleopterous  larvae,  Poa  seeds,  mast, 
Chenopodium  seeds,  Carabidae,  Prunus  seeds,  Chrysomelidae,  unidentified  Coleoptera, 
Festuca  seeds,   Leerzia  seeds,   Reduviidae,   Dipterous   larvae,   and   Polygonum   seeds. 

Potential  energy  value  of  Endogone  collected  from  the  stomachs 
and  intestines  of  four  jumping  mice  was  determined  by  means  of  a 
Parr  Oxygen  Bomb  Calorimeter.  Endogone  samples  from  the  stomach 
and  intestines  were  each  divided  into  two  equal  masses,  weighed,  and 
burned.  The  two  masses  in  the  stomach  averaged  2735.50  cal  per  g 
(2610.31  and  2860.69),  while  the  two  masses  in  the  intestine  averaged 
2266.44    cal    per    g    (2169.42    and    2363.46),    or    significantly    less    than 
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the  material  in  the  stomach  (t  =  9.23,  2  df).  For  comparison,  some 
calorific  measurements  of  seeds  obtained  by  Kendeigh  and  West  (8) 
are  Echinochloa  crusgalli  (4819,  hulled),  Elymus  viginicus  (4695),  Se- 
taria  faberii  (4585,  hulled),  Zea  mays  (4317),  Polygonum  pennsylvanicum 
(4515),  Fraxinus  nigra  (5625).  It  would  appear  that  Z.  hudsonius  is 
getting-  energy  from  Endogone,  but  that  the  potential  amount  of 
energy  in  Endogone  is  much  less  than  in  many  kinds  of  seeds.  Addi- 
tional study  is  needed. 

Another  fungal  food,  Hymenogaster,  was  occasionally  eaten.  This 
fungus  forms  pea-sized  oval  bodies  which  are  attached  to  the  bases 
of  plants. 

Seeds  are  the  mainstay  of  the  diet  of  Z.  hudsonius  in  Indiana  as 
in  New  York,  with  specific  kinds  of  seeds  occurring  progressively  as 
they  ripen.  Seeds  comprised  50.4%  by  volume.  Less  animal  material 
was  found  in  the  Indiana  stomachs  than  in  the  New  York  stomachs, 
but  this  is  probably  because  of  the  small  number  of  early  spring  stomachs 
examined  rather  than  being  indicative  of  any  real  difference  in  food 
habits.  Foods  found  during  the  present  study,  but  not  previously  re- 
corded for  Zapus  hudsonius,  are  the  seeds  of  Triodea,  Panicum,  Elymus, 
Chenopodium,  Prunus,  Festuca  and  Polygonum,  and  the  true  bug, 
Reduviidae. 


Literature  Cited 

1.  Erickson,   A.   B.    1938.   Parasites  of  some  Minnesota   Cricetidae  and   a  host  catalogue 
of   helminth    parasites    of    native   American    mice.    Amer.    Midland    Natur.    20:575-589. 

2.  Freeman,  R.  S.  1956.  Studies  on  Taenia  mustelae  Gmelin,  1790  and  the  taxonomy 
of    certain    taenioid    cestodes    from    Mustelidae.    Can.    J.    Zool.    34:219-242. 

3.  Hahn,  W.  L.  1909.  The  mammals  of  Indiana.  33rd.  Annu.  Rep.  Dep.  Geol.  and 
Natur.  Res.  Indiana.  419-654. 

4.  Hall,  E.  R.,  and  K.  R.  Kelson.  1959.  The  mammals  of  North  America.  Ronald 
Press.  New  York.  1038  p. 

5.  Hamilton,  W.  J.,  Jr.  1935.  Habits  of  jumping  mice.  Amer.  Midland  Natur. 
16:187-200. 

6.  Harrison,  T.,  and  P.  F.  Hickie.  1931.  Indiana's  swamp  rabbit.  J.  Mammal. 
12:319-320. 

7.  Hickie,  P.  F.,  and  T.  Harrison.  1930.  The  Alleghany  wood  rat  in  Indiana. 
Amer.  Midland  Natur.  12:169-174. 

8.  Kendeigh,  S.  C,  and  G.  C.  West.  1965.  Caloric  values  of  plant  seeds  eaten  by 
birds.  Ecology  46  :553-555. 

9.  Klingener,  D.  1965.  Notes  on  the  range  of  Napaeozapus  in  Michigan  and  Indiana. 
J.  Mammal.  45:644-645. 

10.  Lichtenfels,  J.  R.,  and  A.  J.  Haley.  1968.  New  host  records  of  intestinal 
nematodes  of  Maryland  rodents  and  suppression  of  Capillaria  bonnevillei  Grund- 
mann  and  Frandsen,  1960  as  a  synonym  of  C.  americana  Read,  1959.  Proc. 
Helminth.  Soc.  Wash.  35:206-211. 


Ecology  2<)«* 

11.  Lubinsky,  G.  1957.  List  of  helminths  from  Alberta  rodents.  Can.  J.  Zool. 
35:623-627. 

12.  Lyon,  M.   W.,   Jr.     1936.    Mammals  of  Indiana.     Amer.   Midland  Natur.    17:1-384. 

13.    .     1942.    Additions    to    the    mammals    of    Indiana.     Amer.     Midland    Natur. 

27:790-791. 

14.  Morrison,  P.,  and  F.  A.  Ryser.  1962.  Metabolism  and  body  temperature  in  a 
small  hibernator,  the  meadow  jumping  mouse,  Zapus  hudsonius.  J.  Cell.  Physiol. 
60:169-180. 

15.  Mumford,  R.  E.  1969.  Distribution  of  the  mammals  of  Indiana.  Monograph  1, 
Indiana  Acad.  Sci.,  State  Library,  Indianapolis.  114  p. 

16.  Quimby,  D.  C.  1951.  The  life  history  and  ecology  of  the  jumping  mouse,  Zapus 
hudsonius.  Ecol.  Monogr.  21 :61-95. 

17.  Rupes,  V.,  and  J.  O.  Whitaker,  Jr.  Mites  of  the  subfamily  Labidophorinae 
(Acaridae,  Acarina)   in  North  America.  Acarologia  10:493-499. 

18.  Schad,  G.  A.  1954.  Helminth  parasites  of  mice  in  northeastern  Quebec  and  the 
coast  of  Labrador.  Can.  J.  Zool.  32  :2  15-224. 

19.  Whitaker,  J.  O.,  Jr.  1962.  Endogone,  Hyme  nog  aster,  and  Melanogaster  as  small 
mammal  foods.  Amer.  Midland  Natur.  67:152-156. 

20.    .     1963.     A     study     of     the     meadow     jumping     mouse,     Zapus     hudsonius 

(Zimmermann) ,  in  central  New  York.  Ecol.  Monogr.  33:215-254. 

21.    .     1963.     Food,    habitat,    and    parasites    of    the    woodland    jumping     mouse 

in  central  New  York.  J.  Mammal.  44:316-321. 


Vegetation-climate  Relationships  in  the 
Eastern  United  States 

Alton  A.  Lindsey  and  John  O.  Sawyer,  Jr.i 

Department  of  Biological  Sciences 

Purdue  University,  Lafayette,  Indiana  47907 

Abstract 

Biotemperatures  and  normal  annual  precipitation  values  for  the  many  meteorological 
stations  in  8  of  Braun's  forest  regions  were  plotted  on  the  graphical  base  proposed  by 
Holdridge.  Climatic  range  figures,  which  clarify  relationships  among  the  forests,  were 
drawn.  Forests  were  also  compared  on  the  basis  of  means  for  each  type  of  climatic 
data,  emphasizing  especially  the  potential  evapotranspiration /precipitation  ratio,  an 
inverse  measure  of  effective  moisture. 

The  Holdridge  model  (3,  5,  7)  of  world  bioclimatic  formations 
or  life  zones  is  based  on  a  triangular  graph  of  biotemperature,  annual 
precipitation  and  potential  evapotranspiration /precipitation  ratio  (E/P), 
with  each  axis  logarithmic  on  the  base  2.  The  new  application  of 
the  Holdridge  concept  reported  herein  requires  only  the  skeleton  graph, 
thus  emphasizing  the  continuous  gradients  of  climatic  change  rather 
than  the  subdivision  into  life  zones  and  intervening  ecotones,  humidity 
provinces  and  other  relatively  fixed  classificatory  units  which  have 
proved  useful  for  land  description  and  mapping  in  tropical  America 
(2,4,  7,8). 

While  working  on  the  distribution  map  of  the  Holdridge  life 
zones  east  of  the  102  W.  meridian  in  the  United  States  (6),  we  com- 
puted biotemperature  and  normal  annual  precipitation  values  for 
1400  Weather  Bureau  stations.  These  data,  insofar  as  applicable  to 
forest  associations,  were  used  in  the  present  study.  The  oak-hickory 
type  was  omitted  because  its  western  boundary  is  not  clearly  deter- 
minable. Although  any  general  vegetation  map  of  the  eastern  United 
States  might  have  been  used  to  illustrate  the  method,  that  by  Braun 
(1)  was  selected.  The  weather  stations  were  classified  according  to 
their  location  within  8  of  the  major  forest  regions  recognized  by 
Braun.  Even  stations  which  fell  on  regional  boundaries  were  used, 
but  their  borderline  status  was  recorded. 

The  station  data  from  the  different  regions  were  plotted  using  dis- 
tinctive symbols,  with  the  borderline  stations  so  indicated,  upon  a  large 
graph  having  the  three  axes  as  proposed  by  Holdridge.  To  facilitate 
analysis  of  results  as  exhibited  by  patterns  of  colored  symbols  on 
this  elaborate  working  graph,  the  latter  was  used  as  the  basis  for 
two  graphs  (Figs.  1  and  2)  presenting  climatic  ranges  from  distinct 
approaches.  In  Figure  1,  the  figures  for  full  range  of  climate  for 
each    type    of    forest    were    drawn    to    include    essentially    all    stations 
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located  within  the  given  region.  Since  even  the  scattered,  peripheral 
stations  were  included,  the  figures  overlapped  considerably.  Despite 
this,  Figure  1  shows  that  the  climatically  central  forest  association 
is  Braun's  mixed  mesophytic,  and  that  most  others  diverge  from 
this  in  different  directions  on  the  graph.  However,  this  does  not  hold 
for  oak-chestnut  which  is  very  similar  to  mixed  mesophytic  climatically, 
indicating  that  the  former  can  hardly  be  a  climatic  climax,  but  was 
probably  segregated  from  the  mother  type  by  factors  more  related 
to  substrate,  or  other  factors  not  plotted. 
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Figure     1.      Three-axis    graph    from    plotting    all    stations    to    show    climatic    amplitudes 
of    the    Forest    Regions.    HH,    Hemlock-Hardwoods;    MB,    Maple-Bassivood;    BM,     Beech- 
Maple;     MM,     Mixed     Mesophytic;     OC,     Oak-Chestnut;     OP,     Oak-Pine;      WM,      Western 
Mesophytic;  and  SE,  Southeastern  Evergreen. 


Little  of  the  graph  area  within  the  oak-pine  figure  is  not  shared 
with  some  other  figure.  This  indicates  that  oak-pine  also  is  not  a 
climatic  association  but  is  closely  related  to  several  other  forests 
transitionally  or  serally.  Both  climatically  and  geographically,  oak- 
pine  is  transitional  between  southeastern  evergreen  and  one  of  the 
hardwood  forests  to  the  north.  The  hemlock-hardwoods  type  covers 
a  very  broad  climatic  range  from  its  drier  portions  in  the  Lake  States 
(left  side)  to  its  moister  ones  in  New  England,  and  relatively  little 
of  its  climatic  range  is  overlapped  by  any  other  deciduous  forest. 
This  suggests  that  traditional  ecological  theory  should  accord  it 
climatic    climax,    rather    than    mere    transitional,    status.     Beech-maple 
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occupies  a  relatively  compact,  narrow  range  climatic  type  which 
is  distinctive  for  this  forest,  so  that  beech-maple  clearly  appears  to 
be  a  climatic  association.  At  its  cooler  and  drier  end  is  maple-basswood 
which  shares  two-thirds  of  its  small  graph  area  with  hemlock-hardwoods 
and  beech-maple. 
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Figure  2.  Three-axis  graph  from  plotting  the  most  concentrated  4/5  of  the  weather 
station  data  in  each  Forest  Region,  to  show  the  most  typical  climatic  conditions  in 
each  Region.  (See  Figure  1  legend  for  meaning  of  region  symbols.  The  upper  left 
hexagon  delimits  the  Cool  Temperature  Moist  Forest  of  Holdridge,  the  tipper  right  shows 
the  Cool  Temperate  Wet  Forest,  and  the  lower  center  hexagon  depicts  the  Warm 
Temperate  Moist  Forest.  The  forest  climate  figures  fall  largely  within  the  two 
hexagons  representing  the  Moist  Province.) 


Figure  2  resulted  from  encircling  the  major  concentration  of 
plotted  forest  symbols,  disregarding  their  peripheral  scattering  in 
order  to  bring  out  more  definitively  the  climate  that  characterizes 
the  particular  forest.  Approximately  one-fifth  of  all  dots  were  ex- 
cluded from  the  figures.  The  transitional  oak-pine  type  was  omitted 
because  no  part  of  its  diffuse  dot  pattern  showed  special  concentration. 

In  order  to  compare  the  units  of  Holdridge's  model  with  our 
stricter  (Fig.  2)  rather  than  looser  (Fig.  1)  interpretation  of  climatic 
relations,  the  lines  marking  his  life  zone  hexagons  have  been  in- 
cluded in  Figure  2.  The  hemlock-hardwoods,  maple-basswood,  and 
beech-maple  figures  are  there  confined  entirely  to  Holdridge's  Cool 
Temperate  Region.  The  southeastern  evergreen,  oak-pine,  and  western 
mesophytic   figures    occur   exclusively   in   Holdridge's   Warm    Temperate 
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Region,  as  in  Figure  1  also.  Only  the  two  central  figures,  mixed 
mesophytic  and  oak-chestnut,  occur  in  both  Warm  and  Cool  Temperate 
but  they  cross  into  Cool  Temperate  to  a  slight  extent  only. 

The  maple-basswood,  beech-maple,  western  mesophytic  and  south- 
eastern evergreen  figures  are  confined  to  Holdridge's  Humid  Province, 
which  supports  moist  forests  rather  than  the  dry  or  wet  forests  of 
adjacent  humidity  provinces.  The  figures  for  hemlock-hardwoods,  mixed 
mesophytic  and  oak-chestnut  cross  over  to  some  degree  from  Holdridge's 
Moist  Forest  hexagons  toward  the  Wet  Forest,  but  only  the  hemlock- 
hardwoods  (of  New  England)  pushes  into  the  Wet  Forest  substantially 
beyond  the  ecotone  of  the  Holdridge  chart  (7). 

The  forest  figures  in  Figure  2  show  little  overlapping,  except 
for  mixed  mesophytic  and  oak-chestnut  which  appear  even  more 
similar  than  in  Figure  1.  Each  of  the  other  forest  figures  shows  a 
rather  distinctive  principal  climate  for  each  forest.  The  usual  climatic 
range  for  each  forest  may  be  described  quantitatively  from  Figure 
2.  A  simpler  expression  is  its  mean  for  each  of  the  three  climatic 
factors.  These  mean  values,  computed  from  the  original  station  data, 
are  presented  in  Table  1.  The  latter  shows  the  mixed  mesophytic 
forest  as  central  in  the  list  when  the  forests  are  ranked  on  a  bio- 
temperature  or  precipitation  gradient,  but  quite  near  the  moist  end 
of  the  E/P  gradient.  The  close  similarity  of  mixed  mesophytic  and  oak- 
chestnut  is  again  evident;  effective  moisture  averages  very  little 
more  in  the  latter.  When  the  5  forests  listed  below  the  mixed  meso- 
phytic (Table  1)  segregated  from  the  latter,  they  apparently  were 
becoming  adapted  to  climates  having  lower  effective  moisture  levels 
than  the  mixed  mesophytic  had  or  now  has. 

Table  1.  Mean  climatic  values  for  vegetation  regions  of  the  Eastern  United  States. 
(They  are  listed  in  descending  order  of  effective  moisture  from  top  to  bottom  of  the 
last    column,    which    gives    potential    evapotranspiration/ precipitation    ratio,    the    inverse 

of  effective  moisture). 


Biotemperature 

Precipitation 

E/P 

in   °C 

in  mm 

Ratio 

Hemlock-Hardwoods 

8.5 

899 

.556 

Oak-Chestnut 

VI.  0 

ii:;s 

,<\T± 

Mixed     Mesophytic 

12. "J 

1117 

.642 

Beech-Maple 

10.7 

889 

.706 

Western    Mesophytic 

u.:; 

1186 

.710 

Maple-Basswood 

9.5 

739 

.756 

Oak-Pine 

16.3 

1196 

.SOL' 

Southeastern    Evergreen 

IS. 9 

1297 

.859 

The  generally  north-south  geographic  sequence  of  the  forests  (1) 
naturally  corresponds  well  with  the  increasing  biotemperature  ranking. 
While  the  actual  precipitation  also  tends  to  increase  southward,  the 
effective  moisture,  or  inverse  of  the  E/P  ratio  in  Table  1,  does  not. 
The   effective   moisture    is    greatest   in   hemlock-hardwoods   where   there 
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is  only  899  mm  mean  precipitation,  and  is  least  in  the  southeastern 
evergreen  type,  which  has  the  highest  precipitation  or  1297  mm. 
Still  farther  south,  the  higher  biotemperature  puts  the  southern  tip 
of  the  Florida  peninsula  (6)  into  Holdridge's  Tropical  Dry  Forest  zone, 
despite  the  further  increase  in  precipitation. 

The  average  E/P  ratio,  since  it  integrates  biotemperature,  po- 
tential evapotranspiration  and  annual  normal  precipitation  from  many 
stations  into  a  single  value  expressing  effective  moisture  (insofar 
as  climatically  determined),  is  considered  to  be  a  highly  significant 
numerical  index  of  climate  as  it  affects  the  distribution  of  vegetation. 
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Abstract 

A  census  was  made  of  13.7  acres  of  the  NE-facing  tract,  which  lies  along  the 
eastern  margin  of  the  Crawford  Upland  physiographic  unit  in  NW  Harrison  County. 
There  were  19  species  with  dbh  over  4  inches  and  2  additional  species  in  the  3-inch 
size-class.  Stand  density  was  128  and  stand  basal  area  126.  Dogwood  was  especially 
numerous.  Black  oak,  tuliptree,  and  white  oak  were  the  dominants,  with  the  combined 
relative  basal  area  of  76%  and  88  stems  in  the  30-inch  size-class  and  above.  Past 
disturbance  was  reflected  in  the  abundance  of  sassafras  in  the  lower  size-classes.  A 
semi-log  plot  of  density  data  according  to  size-classes  indicated  that  the  disturbance 
was  minor  or  that  it  occurred  long  enough  ago  to  permit  recovery  by  the  stand, 
which  is  again  approaching  a  balanced  distribution. 

In  the  search  throughout  Indiana  for  natural  areas  of  outstand- 
ing scientific  or  scenic  value  worth  preserving,  the  Indiana  Natural 
Areas  Survey  team  studied  the  James  Bird  Woods  in  southern  Indiana. 
While  not  a  "primaeval  piece"  of  forest  and  known  to  have  been  dis- 
turbed even  recently,  the  stand  was  given  the  second  highest  priority 
rating  as  representing  one  of  the  best  areas  of  its  type  remaining. 
A  chapter  in  the  survey's  report  (4)  described  the  exact  location, 
ownership  and  history,  physiography,  and  general  vegetational  character- 
istics of  the  area.  Detailed  vegetational  descriptions  of  old-growth 
forests  (generally  our  closest  approach  to  presettlement  forests)  are 
few  and  valuable,  especially  in  view  of  the  rapid  rate  of  their  dis- 
appearance. With  the  permission  of  the  owner,  the  field  work  for 
the  following  analysis  was  done  during  the  early  spring  of  1970. 

Location  and  Description  of  the  Area 

Bird  Woods  is  located  IV2  miles  northeast  of  Depauw  in  north- 
western Harrison  County  and  lies  along  the  eastern  margin  of  the 
unglaciated  Crawford  Upland  physiographic  unit.  Soils  of  the  NE- 
facing  slope  have  been  derived  from  upper  sandstone  and  from  the 
lower  limestone  characteristic  of  the  adjacent  Mitchell  Plain. 

The  plateau  along  the  western  edge  of  the  tract  as  well  as  the 
valley  to  the  east  were  farmed.  Timber  of  various  stages  of  secondary 
succession  covered  the  lower  slope,  and  the  southern  end  of  the 
wooded  area  showed  evidence  of  heavy  cutting  and  perhaps  grazing. 
From  the  approximately  30  acres  of  old-growth  timber  some  trees 
were  cut  in  1963  and  in  1922,  and  some  damaged  trees  were  removed 
at  other  times. 

Procedure 

A  census  was  made  of  13.7  acres  in  the  center  of  the  NW-SE 
tract     of     old-growth     timber,     following    the     techniques     outlined     by 
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Schmelz  and  Lindsey  (7).  This  area,  roughly  rectangular,  ran  the 
length  of  the  slope  but  was  of  varying  widths  as  necessary  to  avoid 
edge  and  disturbance  effects.  Permanent  markers  were  not  placed, 
but  corners  were  recorded  on  a  map  by  angles  and  distances  to  nearby 
large  trees.  Trees  larger  than  4  inches  dbh  were  identified  and  meas- 
ured by  diameter  tape,  and  those  estimated  2-4  inches  dbh  were 
recorded  by  species  (Table  1).  Nomenclature  followed  Little  (6),  and 
stand  attributes  (Table  2)  for  trees  larger  than  4  inches  dbh  were 
those  of  Lindsey  (3).  Importance  values  were  obtained  by  averaging 
relative  density  and  relative  basal  area  for  each  species. 

Stand  Description 

Stand  density  of  the  19  species  of  trees  over  4  inches  dbh  was 
128  and  stand  basal  area  126.  There  were  97  stems  per  acre  in  the 
2-4  inch  size-class  and  2  additional  species.  These  data  compared 
favorably  with  those  of  the  few  other  old-growth  oak-hickory  stands 
remaining  in  Indiana,  especially  when  the  cutting  history  has  been 
considered. 

Dogwood  predominated  numerically.  It  had  75  stems  per  acre  in 
the  2-4  inch  size-class.  Its  57  stems  per  acre  in  the  6-  and  10-inch 
size-classes  accounted  for  45%  of  the  stand  density.  Next  in  abundance 
were  tuliptree  and  black  oak,  each  with  12%.  Dogwood  accumulated 
7.0%  of  the  stand  basal  area,  ranking  fourth.  The  unusual  result 
was  that  this  species  had  the  highest  importance  value  (26%)  of 
all  the  species  in  the  stand,  clearly  showing  that  this  importance 
value  cannot  be  used  alone  to  assess  species  dominance.  The  highest 
values  for  this  species  in  similar  stands  elsewhere  in  Indiana,  as  far 
as  the  authors  know,  were  13  stems  per  acre  and  importance  value 
of  6.5%  in  Jackson's  Woods,  Ripley  County  (2).  The  aspect  of  the 
tract  in  the  spring,  when  the  field  work  was  done,  was  most  striking. 

The  stand  dominants  were  black  oak,  tuliptree,  and  white  oak, 
combined  giving  76%-  of  the  stand  basal  area.  These  3  species  had  88 
stems  in  the  size-classes  30  inches  and  above.  Their  densities  were 
about  equal.  Although  black  oak  dominated  by  basal  area,  tuliptree 
and  white  oak  were  much  better  represented  in  the  lower  size-classes. 
Pignut  hickory  also  was  well  represented  in  the  smaller  sizes.  Red 
oak  stems  were  among  the  largest  but  were  very  few  in  number 
and  scarce  in  the  lowest  sizes.  Shagbark  hickory  was  conspicuously 
absent. 

The  reliability  of  the  stratum  rank  technique  for  rapid  analysis 
of  forest  stands  was  confirmed  by  the  fact  that  the  earlier  stratum 
rank  of  tree  species  in  the  entire  tract  (4)  accurately  reflected  the 
stand  attributes  determined  from  census  data  from  the  central  portion. 

The  stand  dominants  were  black  oak,  tuliptree,  and  white  oak, 
to  the  criteria  of  Crankshaw  et  al.  (1)  and  by  a  new  method  for 
classifying  midwestern  hardwood  forests  devised  by  Lindsey  and 
Schmelz    (5).     The    success   of    tuliptree    and    red    oak,    the    number    of 
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Table  2.     Stand  attributes  for  Bird  Woods. 


Species 

Ba 

I?... 

D2 

Da 

Vs 

Quercus  velutina 

45 

36 

15 

12 

24 

L iriodendron   tulipifera 

34 

27 

16 

12 

20 

Quercus   alba 

ltt 

13 

13 

9.9 

12 

Cornus  florida 

s.s 

7.0 

57 

45 

26 

Carya  glabra 

7.S 

6.2 

9.0 

7.1 

6.6 

Quercus   rubra 

5.8 

4.6 

1.7 

1.3 

3.0 

Sassafras   albidum 

3.9 

3.1 

10 

7.1) 

r>.r, 

Carya   cordiformis 

2.2 

1.7 

3.4 

2.7 

2.2 

Acer  saccharum 

0.46 

0.37 

L.6 

1.2 

0.81 

Other  species1 

12 

'.1.7 

21 
12S 

16 

13 

TOTAL 

126 

1  Carya  ovata,  Cercis  canadensis,  Fraxinus  americana,  Juniperus  virginiana,  Nyssa 
sylvatica,  Prunus  serotina,  Rhamnus  caroliniana,  Ulmus  americana,  Ulmus  rubra,  Ulmus 
thomasi. 

young  sugar  maple,  and  the  presence  of  Carolina  buckthorn  indicated 
the  mesic  influence  of  the  NE-exposure  and  the  good  cover  of  litter. 
However,  beech  was  not  present,  and  other  upland  mesophytic  species 
were  not  important. 

That  the  timber  sold  from  the  tract  was  mainly  the  valuable 
white  oak  would  seem  to  be  confirmed  by  its  stand  attributes.  Basal 
area  for  this  species  was  only  about  one-third  and  its  importance 
value  one-half  that  of  black  oak.  It  had  fewer  large  stems  than 
either  black  oak  or  tulip-tree.  Disturbance  was  reflected  also  in 
the  number  of  sassafras  in  all  the  lower  size-classes.  However,  the 
semi-log  plot  of  density  data  according  to  size-classes  resulted  in  the 
fourth  pattern  of  configuration  suggested  by  Schmelz  and  Lindsey 
(7)  as  indicating  the  significant  recovery  from  either  minor  disturb- 
ance in  the  recent  past  or  more  remote  major  disturbance. 

Cores  were  taken  by  increment  borer  from  the  4  major  species, 
the  oaks  and  tuliptree,  and  are  being  examined  for  growth  rates 
as  related  to  slope  and  to  climatic  data. 

Although  clearly  not  virgin  timber  and  certainly  affected  by 
human  disturbance,  Bird  Woods  seems  to  be  one  of  the  better  remnants 
of  old-growth  oak-history  forest  type  left  in  Indiana.  Its  black  oak- 
tuliptree-white  oak  composition  is  a  variation  from  other  related 
stands  surveyed.  The  importance  of  dogwood  is  unusual,  if  not  unique. 
Slightly  removed  from  the  census  area  is  an  open-growing  white  oak 
measuring  50.8  inches  dbh,  probably  the  second  largest  wild  specimen 
in  Indiana.  But  there  appears  to  be  little  hope  for  the  stand's  preser- 
vation. The  owner  and  guardian  of  the  old  timber  died  at  the  time 
of  the  field  work,  and  at  this  writing  the  estate  is  being  settled  among 
the  numerous  heirs. 
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Simulated  Sunlight  Duration  Maps  of  Forest  Openings1 
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Abstract 

A  mathematical  model  has  been  developed  that  allows  ecologists  and  silvicul- 
turists  to  simulate  the  movement  of  light  and  shadow  through  forest  openings.  This 
paper  describes  a  computer  program  which  facilitates  the  mapping  of  isopleths  indi- 
cating the  duration  of  solar  radiation  over  selected  time  periods  in  forest  openings. 
Examples  that  show  the  effect  of  opening  size  and  aspect  on  the  distribution  of  solar 
radiation  in  time  and  space  are  used  to  demonstrate  the  program.  Several  practical 
applications    of    the    method    and    indicated    needs    for    future    research    are    discussed. 

Introduction 

The  light  regime  within  small  forest  openings  is  influenced  by 
many  factors  including  the  dimensions  and  orientation  of  the  opening, 
height  of  timber  surrounding  the  opening,  slope  and  aspect  of  the 
forest  floor,  latitude,  and  time  of  year.  Since  the  dimensions  and 
orientation  of  artificial  forest  openings  are  subject  to  manipulation, 
it  is  theoretically  possible  to  "design"  small  openings  so  that  an 
approximation  of  some  desired  light  regime  is  achieved.  The  physical 
mechanisms  that  relate  the  light  factor  to  opening  design  are  so 
complex,  however,  that  it  is  difficult  in  practice  for  the  designer  to 
accomplish  his  desired  objective.  Mathematical  simulation  models 
have  been  suggested  as  a  means  by  which  he  might  simultaneously 
consider  many  of  the  variables  that  determine  light  regime  and 
thus  simplify  the  problem  (1,  3).  This  paper  describes  a  model  that 
should  be  of  considerable  aid  to  silviculturists  and  others  interested 
in  vegetation  manipulation. 

Background 

A  mathematical  simulation  model  has  recently  been  completed 
by  the  authors  (1)  which  can  provide  a  priori  information  about  the 
movement  of  light  and  shadow  in  alternative  opening  designs.  The 
model  is  implemented  with  a  FORTRAN  IV  computer  program  which 
allows  the  user  to  specify  size,  shape  and  orientation  of  the  opening 
to  be  simulated,  height  of  the  surrounding  timber,  slope  and  aspect 
of  the  opening  floor,  latitude,  day  of  the  year,  and  time  of  day. 

The  program's  potential  to  simulate  complex  situations  can  be 
demonstrated  with  an  example.  The  example  simulates  the  shadow 
pattern  at  10:00  AM  on  August  3,  1970,  in  a  400-  by  75-foot  east-west 
clearcut  strip  with  adjacent  timber  70  feet  in  height.  The  strip  is 
located  at  40°  26'  north  latitude  on  a  30°  slope  with  an  aspect  of 
south  34°  east. 


1  Journal    Paper    No.    4291,    Purdue    University    Agricultural    Experiment    Station. 
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The  problem  data  is  first  coded  and  submitted  to  the  computer. 
The  computer  output  begins  with  a  summary  of  the  problem  data 
which  identifies  the  problem  for  future  reference.  This  information 
is  followed  by  a  list  of  the  rectangular  coordinates  of  enough  points 
on  the  shadow  boundary  to  allow  its  location  to  be  sketched  on  a 
map  of  the  opening.  Figure  1  depicts  the  opening  upon  which  is 
superimposed  the  shadow  pattern  at  the  specified  time.  By  simulating 
a  time  series  of  shadow  pattern  maps,  it  is  possible  to  follow  the 
movement  of  light  and  shadows  through  the  opening. 
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August  3,  1970 

Latitude 
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Height  of  Timber 

70' 

Slope 
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1000 
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Figure  1.  A  simulated  forest  opening  shadow  pattern.  The  solid  line  indicates  the 
opening  map.  The  darkened  area  is  in  shade  at  the  simulated  time.  The  dashed 
line  borders  an  area  on  the  forest  floor  otitside  the  opening  that  is  potentially  in  the  sun. 

The  simulation  model  is  based  on  three  assumptions  about  the 
physical  characteristics  of  the  opening.  It  is  assumed  1)  that  the 
map  of  the  opening  can  be  approximated  by  a  polygon,  2)  that  the 
timber  surrounding  the  opening  forms  an  opaque  wall  of  uniform 
height,  and  3)  that  the  floor  of  the  opening  is  a  plane  with  given 
slope  and  aspect.  Given  these  assumptions,  the  coordinates  of  a 
vector  in  the  direction  of  the  sun's  rays  at  the  specified  time  of  day, 
date,  and  latitude,  are  computed.  Each  of  the  vertices  of  the  top 
of  the  opening  is  then  projected  in  the  direction  of  this  vector  onto 
the  plane  used  to  simulate  the  floor  of  the  opening. 

Simulated  Sunlight  Duration  Maps 

In  addition  to  shadow  pattern  mapping,  it  is  helpful  in  analyzing 
the  light  regime  of  small  openings  to  map  the  spatial  distribution 
of  sunlight  duration  on  the  opening  floor  over  specified  time  periods. 
Such  a  map  provides  information  about  sunlight  duration  on  the 
opening  floor  in  an  easily  interpreted  form  and  a  criterion  for  making 
comparisons    between    openings    or    opening    designs    based    on    a    time 
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summary  of  the  shadow  pattern  data.  The  following  procedure  is 
used  in  a  modified  version  of  the  shadow  pattern  simulation  computer 
program   to  prepare  "sunlight  duration   maps"  of  forest  openings    (2). 

First,  a  sampling  grid  is  superimposed  on  the  opening  to  be 
simulated.  The  shadow  pattern  simulation  model  is  then  run  at 
regular  time  intervals  through  some  total  selected  time  period.  At 
each  simulated  point  in  time,  each  of  the  grid  points  is  tested  to 
see  whether  it  is  in  the  sun  or  in  the  shade.  When  a  point  is  found 
to  be  in  the  sun,  one  time  increment  is  added  to  the  total  sun  time 
for  that  point.  If  it  is  in  the  shade,  the  sun-time  total  remains  un- 
changed. At  the  end  of  the  specified  time  period,  e.g.  from  sunrise 
to  sunset,  the  grand  total  associated  with  each  grid  point  is  plotted 
on  a  map  of  the  opening.  By  interpolation,  isopleths  are  drawn 
connecting  those  points  that  were  in  the  sun  for  equal  amounts  of 
time.  The  completed  map  shows  the  distribution  of  sunlight  within 
the  opening  for  the  time  period  in  question. 
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Figure  2.  The  effect  of  size  on  sunlight  duration  patterns  in  square  openings. 
Openings  of  V-  H,  H,  lV-2  H  and  2  H  units  on  a  side  are  surrounded  by  opaque 
walls  H  units  in  height.  Other  problem  variables  are  given  in  the  figure.  The  con- 
tour interval  is  one  hour.  The  darkened  areas  represent  those  portions  of  the  opening 
not  receiving  direct  sunlight  during  the  12  hour  time  period. 
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We  find  that  sunlight  duration  maps  are  useful  for  illustrating 
the  effects  of  changes  in  one  or  more  of  the  problem  variables  on 
the  light  regime  in  the  opening.  Consider,  for  example,  the  effect  of 
changes  in  the  ratio  of  opening  width  to  tree  height  (H)  on  the 
sunlight  duration  maps  of  square  openings.  Figure  2  shows  maps 
of  V2  H,  1  H,  Wz  H,  and  2  H  openings;  other  variables  remain  the 
same  as  in  the  original  example.  Two  trends  are  immediately  ap- 
parent. The  duration  of  sunlight  on  the  opening  floor  and  the  per- 
centage of  the  opening  that  receives  direct  sunlight  both  increase 
with  increasing  opening  size.  Although  the  direction  of  these  trends 
is  intuitively  obvious,  the  details  would  be  obscure  without  sunlight 
duration  maps. 

A  second  example  illustrates  the  effect  of  aspect  on  the  duration 
and  spatial  distribution  of  sunlight  in  forest  openings.  Figure  3 
shows  the  sunlight  duration  maps  of  IV2  H  square  openings  on  a 
30°  slope  and  on  north,  east,  south,  and  west  aspects,  other  variables 
remaining  the  same  as  in  the  original  example.  The  east  and  west 
aspect  maps  show  that  even  in  relatively  simple  situations  the  light 
factor  can  have  an  intricate  spatial  variation.  These  maps  are  mirror 
images  and  illustrate  that  the  sunlight  duration  distribution  on  such 
aspects  is  asymmetrical. 
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Figure    3.      The   effect    of    aspect    on   sunlight    duration   patterns    in    I1/*    H    square    open- 
ings.   Other    problem    variables    are    given    in    the    figure.    The    contour    interval    is    one 
hour.     The   darkened   areas  represent    those   portions   of   the   opening   not   receiving   direct 
sunlight  during  the  12  hour  time  period. 
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The  north  and  south  aspect  maps  indicate  that  the  duration  of 
sunlight  is  least,  and  the  percentage  of  the  opening  floor  in  complete 
shade  is  greatest,  on  the  north  aspect.  Since  the  ecological  impact 
of  the  light  factor  depends  in  part  on  the  angle  at  which  solar  radiation 
strikes  the  forest  floor,  the  light  regimes  associated  with  the  north 
and  south  aspects  would,  of  course,  be  even  more  disparate  than 
Figure  3  indicates. 

Discussion 

Although  originally  developed  as  an  aid  to  silviculturists,  the 
authors  feel  that  applications  for  this  computer  program  exist  in 
other  fields.  The  model  could  aid  studies  of  the  spatial  distribution 
of  plants  in  natural  forest  openings.  It  could  be  used  in  the  design 
of  openings  for  campgrounds,  picnic  areas,  and  other  recreational 
facilities.  And  the  model  could  also  be  useful  as  a  teaching  aid  for 
courses  in  silviculture  and  ecology  where  it  could  help  students  gain 
insight  into  the  dynamics  of  forest  microclimates  and  the  effect  on 
such  microclimates  of  vegetation  manipulation. 

The  model  in  its  present  form  does  not  provide  other  than  in- 
ferential information  about  the  intensity  or  quality  of  solar  radiation. 
It  is  obvious,  of  course,  that  these  characteristics  of  solar  radiation 
are  as  important  in  ecosystem  energetics  as  are  the  duration  and 
spatial  distribution  of  sunlight.  The  authors  suggest,  therefore,  that 
the  inclusion  of  a  mechanism  that  will  allow  estimates  to  be  made 
of  the  intensity  of  solar  radiation  should  be  the  next  step  in  the 
evolution  of  this  model. 
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Abstract 

Seventeen  geographic  sources  of  river  birch  (Betula  nigra  L.)  from  Indiana, 
Illinois,  and  Kentucky  were  analyzed  for  variation  in  ten  parent  tree  and  site  character- 
istics. 

An  analysis  of  variance  of  parent  tree  leaf  size  indicated  significant  differences 
among    trees    and    among    locality    groups,    but    no    clinal    variation    was    indicated. 

Seed  from  the  17  sources  were  analyzed  for  size,  shape,  and  color.  No  clinal 
variation     was     detected    in     either    seed    characteristics    or     in     progeny    height     growth. 

A  heritability  test  for  first-year  height  growth  of  the  progeny  and  annual  diam- 
eter growth  of  the  parent  trees  gave  an  ha  of  0.388  ±  0.566,  indicating  that  it  might  be 
possible  to   breed  fast  growing   trees  from   parents   with   fast  diameter   growth. 

River  birch,  Betula  nigra  L.,  has  been  a  neglected  species  both 
from  a  standpoint  of  economic  utilization  and  scientific  investigation. 
Several  authors  (1,  2,  3)  have  reported  wide  variation  in  other  birch 
species  and  the  occurrence  of  natural  hybrids.  In  the  only  published 
information  directly  relating  to  river  birch,  Fritts  and  Kirkland  (4) 
found  river  birch  common  along  stream  banks  with  predominately 
acid  soils  and  lacking  along  those  with  alkaline  soil  materials. 

River  birch  is  unique  among  the  native  American  birch  species 
in  its  more  southern  range,  its  preference  for  low  wet  sites,  and 
its  vernal  flowering  and  fruiting  habit.  Natural  stands  are  generally 
restricted  to  stream  banks  and  other  moist  places  at  low  to  medium 
elevations.  Although  river  birch  has  rather  specific  site  requirements, 
it  does  have  a  wide  range;  extending  on  the  north  from  southern 
New  Hampshire  to  southeastern  Minnesota;  thence  on  the  west 
through  extreme  eastern  Kansas  to  eastern  Texas;  then  across  the 
south  to  northern  Florida  (5).  In  many  areas  river  birch  grows  in  nearly 
pure  stands. 

Accurate  data  concerning  the  acreage  and  volume  of  river  birch 
growing  stock  are  not  available.  River  birch  is  one  of  a  number 
of  species  which  might  well  be  more  effectively  utilized  to  meet 
the  increasing  demand  for  forest  products.  It  has  been  used  to  a 
limited  extent  in  strip  mine  reforestation,  for  ornamental  plantings, 
cutting  for  sawlogs  and  veneer  logs,  and  for  pulpwood. 

Seed  collection  for  this  studyi  was  limited  to  portions  of  Illinois, 
Indiana,  and  Kentucky  (Fig.  1).  Parent  trees  were  placed  into  seven 
geographic  groups,  based  upon  their  presence  on  a  single  watershed 
or    in    a    relatively    homogeneous    topographic    area.     Insufficient    seed 


1  Portions    of    the    data    for    this    paper    were    taken    from    a    masters    degree    thesis 

(7). 
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production  on  many  pre-selected  collection  trees  limited  seed  collection 
in  late  May  and  early  June  to  17  trees.  All  collection  trees  were 
native  and  not  of  planted  origin.  Herbarium  specimens  were  collected 
from  each  parent  tree. 

Parent  tree  data  included  height,  diameter,  age,  form,  and  ap- 
parent vigor.  An  increment  borer  was  used  to  obtain  a  sample  core 
for  determining  parent  tree  age  and  annual  growth  rate.  Site  data 
included  soil  factors,  the  nature  of  the  plant  community,  and  evidence 
of  disturbance  or  use. 

The  seed  was  placed  in  perforated  plastic  bags  and  stored  at 
38  °F  until  field  planting  on  June  9,  1969.  The  seeds  were  analyzed 
prior  to  planting  for  variation  in  size,  shape,  structure,  and  color. 
The  seed  was  hand-sown  by  source  in  a  randomized  nested  design 
in  the  Illinois  Union  State  Nursery. 

An  analysis  of  variance  was  made  for  all  appropriate  data  at  the 
95%  level.  Heritability  tests  for  selected  parent  tree-progeny  charac- 
teristics were  calculated  using  procedures  developed  by  Snyder   (6). 

h2   -  2r 
£  xy 


V   (*x2>    (£y2) 


2    -  2<rx       f~\      {<ry2        " 


All  parent  trees  were  found  on  bottomland  sites.  Latitude  ranged 
from  37°  10'  to  38°  59';  longitude  ranged  from  86°  13'  to  89°  12' 
(Fig.  1);  and  elevation  ranged  from  115.9  m  to  173.8  m.  No  significant 
correlation  was  found  between  latitude,  longitude,  or  elevation  with 
age,  diameter,  height,  crown  area,  percent  live  crown,  tree  vigor, 
foliage  color,  overstory  or  understory  associates,  or  soils.  The  differ- 
ences among  trees  in  age,  dbh,  and  height  were  attributable  primarily 
to  the  stage  of  stand  growth  in  which  the  parent  tree  occurred. 

Silty  clay  loam  was  the  most  prevalent  soil  texture  on  the  parent 
tree  sites.  The  soil  pH  ranged  from  4.00  to  7.45,  with  soil  samples 
tending  to  become  more  acidic  at  lower  depths  in  the  profile.  Only  tree 
036  occurred  on  a  site  with  above  neutral  soils,  being  slightly  basic 
at  3  and  12  inches  and  slightly  acidic  at  36  inches.  There  were  more 
large  trees  with  good  vigor  on  the  more  acidic  unglaciated  soils  than 
on  other  soil  types.  Heights  up  to  78  feet  and  diameters  as  large  as 
23.1  inches  were  recorded. 

Sycamore  (Platanus  occidentalis  L.)  was  the  most  common  over- 
story  associate  of  river  birch.  Other  common  overstory  associates 
were  sugar  maple  (Acer  saccharum  Marsh.),  northern  red  oak  (Quercus 
rubra  L.),   and  pin  oak    (Quercus  palustris  Muenchh.).    In  the  under- 
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story,  American  elm  (Ulmus  americana  L.),  sugar  maple,  and  young- 
river  birch  were  most  frequently  represented.  On  some  sites  river 
birch  comprised  as  much  as  60%  of  the  stem  count. 


ILLINOIS 


INDIANA 


1-7     GROUP 
•  ooz       PARENT  TREE 
CITY 


40   MILES 
SCALE 


Figure  1.     Location    of    17    parent    trees    of    river    birch    by    groups    in    Illinois,    Indiana, 

and   Kentucky. 


There  was  no  significant  variation  between  trees  in  crown  area, 
percent  live  crown,  or  percent  free  crown.  All  parent  trees  had  at 
least  80%  live  crown.  All  trees  except  019,  032,  and  037  had  forked 
at  least  once. 

For  leaf  width,  leaf  length,  and  leaf  area,  variation  among  parent 
trees  was  greater  than  the  variation  among  groups,  but  not  significantly 
so.  Variation  was  random  among  sources.  The  leaf  area  of  the  parent 
trees  ranged  from  22.5  to  56.3  cm-.  Parent  trees  of  good  vigor 
located  on  good  sites  had  leaves  averaging  47.5  cm-.  Trees  of  poorer 
vigor  on  less  desirable  sites  had  leaves  which  averaged  24.4  cm-. 

Approximately  30  days  after  sowing,  seed  from  17  sources  had 
germinated  in  sufficient  numbers  for  weekly  height  measurements  of 
the  progeny  to  commence. 
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Significant  differences  in  leaf  characteristics  were  also  found  in 
the  progeny.  Leaf  area  for  progeny  ranged  from  7.5  to  14.9  cm2. 
Although  progeny  variation  was  also  random  among  sources,  the 
progeny  did  not  show  the  same  pattern  of  variation  as  did  their 
parent  trees.  However  first-year  progeny  data  may  not  accurately 
reflect  such  variations  or  indicate  a  correlation.  No  significant  clinal 
variation  (continuous  variation  associated  with  latitude  or  longitude) 
in  leaf  width,  leaf  length,  leaf  area,  or  petiole  length  was  found  in 
either  parent  trees  or  progeny. 

A  heritability  test  (6)  was  calculated  for  parent  tree  annual 
height  growth  and  progeny  first-year  height  growth  (Table  1).  The 
heritability  (h2)  was  estimated  at  only  0.02.  However,  the  lack  of 
correlation  in  this  test  could  well  be  due  to  other  factors  such  as  vari- 
ation in  parent  tree  site  quality,  early  history  of  the  parent  trees, 
or  varying  amounts  of  competing  vegetation  affecting  parent  tree 
growth  form.  Heritability  was  also  estimated  for  first-year  height 
growth  of  progeny  as  related  to  annual  diameter  growth  of  parent 
trees.  This  test  gave  a  heritability  of  h2  =  0.388  ±  .566,  a  range  of 
0.0  to  0.954.  This  is  a  wide  range;  however,  the  number  of  sampled 
sources  was  small.  The  data  indicate  that  it  may  be  possible  to 
select  for  fast  growing  progeny  from  parent  trees  having  fast  diameter 
growth. 


Table   1.     Parent    tree    age,    dbh,    and    annual    diameter    growth    and    progeny    first-year 

height  growth. 


Source 


Group 


Parent  Tree 

Progeny 

Annual 

Diameter 

Diameter 

Average 

Age 

Breast 

Growth 

Height 

yrs. 

Height 

in. 

cm. 

006 

1 

46 

16.5 

0.36 

24.4 

007 

r>r> 

19.9 

0.36 

* 

008 

38 

17.0 

0.45 

22.8 

015 

2 

23 

8.3 

0.36 

24.0 

017 

3 

40 

21.0 

0.52 

26.0 

01S 

39 

14.S 

0.38 

17.7 

019 

37 

8.8 

0.24 

22.3 

029 

4 

41 

17.9 

0.44 

14.1 

030 

9 

2.4 

0.27 

16.0 

031 

5 

2.6 

0.52 

22.4 

032 

10 

4.6 

0.46 

24.4 

034 

5 

47 

18.4 

0.39 

17.0 

035 

27 

12.9 

0.4S 

17.5 

036 

6 

78 

23.1 

0.30 

18.2 

037 

7 

43 

14.1 

0.33 

23.5 

038 

2<; 

11.1 

0.43 

5.5 

039 

45 

15.0 

0.33 

1  Insufficient  seed  germination. 
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The  seeds  from  each  source  were  analyzed  for  possible  differences 
in  size,  shape,  structure,  color,  and  relative  germination.  Size  ranged 
from  5.0  mm  by  3.0  mm  to  7.5  mm  by  4.0  mm.  There  were  significant 
variations  within  and  between  sources  in  seed  characteristics  but  they 
were  random  and  not  clinal. 

Variation  in  height  growth  of  the  progeny  was  recorded  among 
families  within  groups  and  between  groups.  The  variation  was  random 
among  groups  and  was  not  clinal. 

Since  the  samples  for  this  pilot  study  were  taken  from  a  rela- 
tively small  part  of  the  natural  range  of  river  birch,  wide  or  extreme 
variations  in  tree  form  or  growth  were  not  expected.  The  investigation 
is  being  expanded  to  include  a  larger  portion  of  the  species  range  and 
a  provenance  outplanting  is  planned. 
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Abstract 

Analysis  of  multispectral  scanner  data  from  Indiana,  Texas,  and  California, 
showed  that  the  LARS  multispectral  data  processing  techniques  could  be  satisfactorily 
used  for  data  from  different  geographic  locations.  The  problems  cf  agricultural 
variability  and  training  sample  selection  were  similar  among  the  three  sets  of  data. 
All  results  showed  a  high  degree  of  accuracy  for  classification  of  the  various  basic 
and  agricultural  cover  types. 

Introduction 

The  Laboratory  for  Applications  of  Remote  Sensing  (LARS)  was 
established  at  Purdue  University  to  develop  techniques  whereby  air- 
craft and  spacecraft  could  fly  over  large  geographic  areas  of  the 
earth's  surface  and  monitor  the  type  and  condition  of  ground  cover 
below  (2,  3).  Since  large  areas  were  involved,  some  type  of  automatic 
data  processing  technique  was  required.  Much  early  effort  was  de- 
voted toward  agricultural  problems,  but  since  then  LARS  has  been 
expanded  to  include  problems  of  forestry,  hydrology,  geology,  geography, 
and  others. 

Currently  we  use  data  collected  by  an  airborne  multispectral 
optical-mechanical  scanner,  which  allows  the  reflected  or  emitted 
energy  in  many  discrete  wavelength  bands  to  be  detected  and  re- 
corded on  magnetic  tape.  These  data  are  digitized  and  gray  scale 
maps  are  printed  out  by  the  computer.  The  maps  are  similar  to  a 
very  coarse-resolution  photograph  of  the  fiightline  area.  However, 
the  printouts  represent  the  energy  being  reflected  or  emitted  in 
only  a  very  narrow  portion  of  the  electromagnetic  spectrum.  Using 
ground  truth  data  collected  at  the  time  of  the  flight,  we  located  and 
identified  various  cover  types  on  the  computer  printouts,  and  trained 
the  computer  to  recognize  the  spectral  pattern  of  energy  in  the 
various  wavelength  bands  for  the  particular  materials  of  interest. 
The  computer  then  examined  the  unknown  spectral  patterns  for  the 
remainder  of  the  area  overflown,  and  statistically  classified  all  the 
unknown  spectral  patterns  into  the  various  cover  type  categories 
which  the  computer  was  trained  to  recognize. 

Objectives 

One  of  the  more  difficult  problems  involved  in  automatic  classifica- 
tion of  vegetative  cover  and  other  earth  resource  materials  is  the 
proper    selection    of    adequate    and    correct    training    data.      Much    of 


1  Journal     Paper     No.     4269,     Purdue     University     Agricultural     Experiment     Station. 
This  Research  was  supported  jointly  by  the  USDA  and  NASA. 
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the  difficulty  lies  in  the  spectral  variability  of  the  vegetation,  soil, 
or  water  resources.  To  examine  problems  which  might  be  encountered 
for  data  obtained  from  widely  separated  geographic  areas,  we  analyzed 
data  collected  in  Central  Indiana,  Southern  Texas,  and  Central  Cali- 
fornia. 

The  first  data  studied  were  from  a  70-mile  flightline  south  of 
Indianapolis  (Fig.  1).  The  particular  objectives  of  this  study  were: 
1)  to  determine  the  capability  to  accurately  identify  all  green  vegeta- 
tion, bare  soil,  and  water  in  the  flightline  regardless  of  natural  varia- 
bility; and  2)  to  study  the  variations  in  spectral  response  for  these 
three  basic  cover  conditions  as  affected  by  instrumentation,  atmospheric, 
and  natural  conditions  of  variability. 

HIGHWAY     37 
FLIGHT-LINE    LOCATION 


LARS/PURDUE 


Figure    1.     Location   of   the   70   mile   flightline   along   Indiana   State  Highway   37. 

The  second  set  of  data  studied  came  from  the  area  of  Moon 
Lake  in  Southern  Texas,  and  included  various  agricultural  and  forest 
vegetation,  soils  in  various  moisture  conditions,  and  water.  The  last 
data  analyzed  were  for  an  agricultural  area  in  California,  and  included 
fields  of  immature  and  mature  rice,  safflower,  other  vegetation  cover, 
water,  and  bare  soil.  The  specific  objectives  in  analyzing  these  sets 
of  data  were:  1)  to  assess  the  problems  involved  in  selection  of 
training  samples  from  widely  separated  geographic  locations;  and 
2)  to  determine  the  capability  for  automatic  classification  of  various 
cover  types  by  using  various  scanner  calibration  techniques. 


Highway  37  Data  Analysis 

Multispectral  scanner  data  had  been  collected  in  17  discrete  wave- 
length bands  from  an  altitude  of  3,200  feet.  At  that  altitude,  the 
80°    field   of   view   of  the   scanner  covers   a   swath   width   of  just  over 
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1  mile,  thereby  resulting-  in  about  70  square  miles  of  area  to  be 
classified.  For  this  analysis,  only  the  first  12  wavelength  bands 
(0.4-1.0  /mi  range)  were  considered,  because  of  the  configuration  of 
the  scanner. 

For  automatic  classification,  approximately  10  areas  for  each 
class  (i.e.  green  vegetation,  bare  soil,  and  water)  were  selected  for 
training  samples.  These  included  areas  of  light  and  dark  soils,  river 
and  pond  water,  and  a  variety  of  green  vegetation  conditions  including 
pasture,  winter  wheat  and  forest  cover.  Since  the  data  were  collected 
in  late  April,  the  trees  were  in  various  stages  of  leafing  out,  and 
agricultural  cover  such  as  winter  wheat  and  pasture  were  quite  varied 
in  terms  of  ground  cover.  Also,  areas  of  bare  soil  varied  considerably 
in  moisture  content.  The  photo  mosaics  in  Figures  2  and  6  indicate 
the  variability  of  these  three  cover  types. 

In  addition  to  the  natural  variability,  atmospheric  conditions 
or  instrumentation  changes  can  cause  variations  in  the  scanner  spectral 
measurements.  In  this  analysis,  all  of  the  training  samples  were 
selected  from  a  relatively  small  area  20  miles  from  the  north  end 
of  the  70-mile  flightline.  Thus,  if  variability  in  spectral  response 
existed  throughout  the  flightline,  the  spectral  measurements  in  the 
training  sample  area  would  be  different  from  those  in  the  southern 
portions  of  the  flightline.  This  would  cause  the  classification  results 
to  be  less  accurate  for  areas  more  distant  from  the  training  sample 
area. 

Multispectral  response  graphs  were  obtained  for  each  cover  type 
and  analyzed  to  determine  which  combinations  of  wavelength  bands 
should  be  used  for  the  classification.  The  0.40-0.44,  0.58-0.62,  0.66-0.72, 
and  0.80-1.00  /mi  (micrometer)   waveleng-th  bands  were  selected.    Figure 

2  shows  a  photo  mosaic  of  one  segment  of  the  flightline,  along"  with 
gray  scale  printouts  of  two  of  the  wavelength  bands  used  in  the  classi- 
fication. 

Marked  differences  in  spectral  response  may  be  observed  in  some 
of  the  waveleng-th  bands  (Fig.  2,  3).  Note  especially  the  0.80- 
1.00  /mi  reflective  infrared  band,  where  water  is  very  absorptive  and 
therefore  has  a  relatively  low  reflectance  and  low  response  on  the 
graph.  Green  vegetation  is  highly  reflective  and  has  a  relatively  high 
response  on  the  graph.  Figure  3  also  indicates  that  throughout  the 
visible  portion  of  the  spectrum  (0.40-0.72  /mi),  green  vegetation  and 
water  have  very  similar  spectral  responses.  This  helps  explain  why 
some  of  the  ponds  surrounded  by  green  vegetation  are  not  obvious 
on  the  color  photography  but  do  appear  with  striking  contrast  on 
color  infrared  photography. 

The  entire  70  miles  of  flightline  data  were  then  automatically 
classified  into  green  vegetation,  bare  soil,  and  water  categories. 
Figure  4  shows  the  classification  results  for  the  same  area  seen  in 
Figure  2.  The  photo  mosaic  in  Figure  4  was  compiled  from  data  flown 
for  planning-  purposes   on   April   18,  ten  days  before   the  scanner  data 
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Figure  2.  Top,  aeWai  photograph  of  a  segment  of  Highway  37.  Center,  gray  scale 
of  the  same  area  in  the  0.66-0.72  ^m  wavelength  band  (visible  red).  Bottom,  gray 
scale  of  the  area  in  0.80-1.00  ^m  band  (reflective  infrared).  Note  reversals  in  tone 
between    visible    and    infrared,    especially    in    green    vegetation    which    is    highly    reflective 

in  infrared. 
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were  collected.  Several  areas  were  covered  with  green  vegetation 
when  photographed,  but  were  plowed  (leaving  bare  soil)  between 
April  18  and  28.  Therefore,  these  particular  areas,  which  appear 
to  be  green  vegetation  on  the  photos  but  bare  soil  on  the  printout, 
were  indeed  correctly  classified. 


C  VEG,  BARE  SOIL,  WATER  CLASSIFICATION.  HWY  37  DATA 


SPECTRAL  PLOT  FOR  TRAINING  CLASS(ES) 


CLASS  GVEG 
CLASS  SOIL 
CLASS  WATR 


FIGURE  3.     Multispectral     response     graph     of     training     samples     for    green     vegetation, 

bare  soil,  and  water. 


The  image  labeled  "B"  on  Figure  4  is  the  computer  printout 
showing  the  automatic  classification  results  for  this  area.  The  light 
tones  indicate  the  areas  classified  as  bare  soil.  The  medium  tones 
indicate  the  areas  classified  as  green  vegetation,  and  the  dark  tones 
indicate  water.  All  other  ground  cover  conditions  (such  as  dry,  dead 
vegetation,  roads,  rooftops,  etc.)  have  been  thresholded  and  are  shown 
as  "blank"  areas  on  the  computer  printout. 

The  printouts  labeled  "C,"  "D,"  and  "E"  in  Figure  4  show  only 
the  areas  classified  into  green  vegetation,  bare  soil,  and  water,  re- 
spectively. These  are  displayed  in  this  manner  to  emphasize  partic- 
ular cover  types  which  have  been  classified  and  to  evaluate  the 
accuracy  of  the  automatic  classification. 
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Figure  4.     From    /e/f:   a)    aerial  photograph    of   segment    of    Highway   37   data,    b)    classi- 
fication   of    same    area    into    3    cover    types.    Light    tone    is    soil,    medium     tone    is    green 
vegetation,     and     dark     tone     is     water,     c)     classification     of     green     vegetation     only,     d) 
classification  of  bare  soil  only,    e)   classification  of  mater  only. 
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Figures  5  and  6  are  representative  examples  of  the  classification 
results  which  show  more  detail  than  could  be  seen  in  Figure  4.  In 
Figure  5  a  hedgerow  (Arrow  1)  on  the  photograph  was  correctly 
identified  on  the  computer  printout  on  the  right.  Arrow  2  indicates  a 
field  of  winter  wheat,  which  was  very  dense  and  at  a  green  stage  of 
maturation.  The  medium  tone  used  to  identify  green  vegetation  on 
the  computer  printout  indicates  that  this  area  was  accurately  classified. 
The  dry,  brown  vegetation  shown  at  Arrow  3  has  been  "thresholded" 
in  the  automatic  classification  process,  which  means  that  the  multi- 
spectral  response  in  this  area  was  unlike  the  response  for  green 
vegetation,  bare  soil,  or  water.  The  computer  program  requires  that 
no  symbol  be  shown  for  such  areas,  and  they  are  displayed  as  a 
"blank."  The  roads  and  houses  were  also  thresholded  and  appear 
as  "no-symbol"  or  "blank"  areas.  Arrow  4  indicates  a  pond  which 
was  correctly  classified  and  indicated  by  the  dark  area  on  the  printout. 
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Figure  5.     Aerial    photograph    and    classification    showing    specific    features.     1)     hedge- 
row;  2)    winter    wheat;    3)    thresholded    (data    points    not    sufficiently    like    any    class);    h) 

pond. 


In  Figure  6,  Arrow  1  is  at  the  corner  of  a  field  of  green  vegetation 
and  two  fields  of  bare  soil  and  Arrow  2  refers  to  the  river.  Arrow 
3  indicates  a  small  hedgerow  between  the  two  areas  of  bare  soil 
which  was  accurately  identified  on  the  printout.  A  tributary  is  indicated 
by  Arrow  4.  Arrow  5  refers  to  a  very  small  pond  that  was  indistinct 
on  the  color  photograph. 

Many  of  the  points  identified  as  water  appeared  as  scattered, 
individual  RSU's  (Remote  Sensing  Units  or  individual  computer  sym- 
bols on  the  printouts)  or  as  very  small  groups  of  RSU's.  These  were 
at  first  thought  to  be  misclassifications.  Additional  checking  revealed 
ponded    water    or   water   in   drainage    ditches    at    most   of   these    points. 
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In  several  instances,  water  was  correctly  identified  automatically,  but 
was  previously  overlooked  on  the  aerial  photographs.  Several  water 
areas  were  difficult  to  see  on  the  aerial  photos  because  of  overhanging- 
trees  or  a  lack  of  distinctive  color  differences  between  water  and 
other  materials  in  the  vicinity. 
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Figure  6.     Aerial    photograph    and    classification    showing    specific    features.     1)     inter- 
section  of   green   fields    and   bare   soil;   2)    river;   3)    hedgeroiv    between    bare    soil    areas; 
4)  small  stream;  5)  small  pond. 


Some  problem  areas  existed  in  the  water  classification,  primarily 
because  of  shadows.  For  instance,  distinct  cloud  shadows  tended  to 
be  classified  as  water.  This  is  because  both  water  and  shadows  reflect 
little  in  the  infrared  wavelengths.  In  some  forested  areas,  deep 
shadows  between  the  tree  crowns  were  also  mis-classified  as  water. 
However,  by  placing  a  "moderately  heavy"  threshold  on  the  water 
category,  most  shadow  areas  could  be  thresholded. 

Figures  4,  5,  and  6  show  classification  results  near  the  northern 
end  of  the  70  mile  flightline.  Figure  7  shows  the  classification  results 
for  an  area  south  of  Bedford,  near  the  extreme  southern  end  of  the 
flightline.  The  classification  accuracies  shown  indicate  that  a  set  of 
training  samples  from  one  portion  of  the  flightline  did  allow  accurate 
classification  for  the  entire  70  square  miles. 
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To  quantitatively  check  the  classification  results  of  the  entire 
area,  89  test  sample  areas  were  randomly  selected.  Based  upon  study 
of  the  photos  and  the  ground  truth  data  collected  at  the  time  of  the 
scanner  flight  mission,  24  of  the  89  test  areas  were  determined  as 
belonging  to  the  green  vegetation  category,  29  as  soil,  and  36  as 
water.  The  average  classification  accuracy  was  99.2%  for  green 
vegetation,  97.0%  for  soil,  and  99.7%  for  water.  Table  1  contains 
the  classification  results  for  all  the  individual  RSU's  contained  in 
the  89  test  sample  areas. 
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Figure  7.     /Irra      ?iear     Bedford     showing      correct      classification      at      extreme     end     of 

flightlinc. 


Ecology  239 

Table  1.     Highway  37  data  classification  summary,  by  test  classes.1 


No. 

of  RSU's 

Pet. 
Correct 

A'.,. 

of  RSU's 

Classified  Into 

Class 

Gm.  Vccj. 

Soil 

Water 

Thresh 

Gin.     Veg. 

Soil 

Water 

Total 

1095 

3105 

887 

5087 

99.2 

97.0 
99.7 

1086 
2 

1 

1 

3012 

1 

5 

0 

884 

3 

91 
1 

Overall  Performance  =  97.9  ;  Average  Performance  by  Class  =  98.6 

1  Serial    No.    302005213,     (entire    70    mile    fiightline,    using    segments).    Spectral    bands 
used:   0.40-0.44,  0.58-0.62,  0.66-0.72,  0.80-1.00  ^m. 

Moon  Lake  Data  Analysis 

The  next  phase  of  this  analysis  utilized  the  Moon  Lake  data. 
Five  groups  of  training  samples  were  used  to  represent  all  cover 
types  for  the  automatic  classification.  These  were:  water,  bare  soil, 
trees,  and  two  spectrally  different  groups  of  green  agricultural  vege- 
tation. The  data  were  classified  and  the  results  indicated  a  97% 
accuracy  for  the  training  samples. 

The  classification  results  appear  qualitatively  to  be  very  accurate 
(Fig.  8).  Note  the  narrow  strips  of  vegetation  in  the  field  of  bare 
soil  near  "A,"  and  the  field  at  "B"  where  vegetation  only  partially 
covers  the  soil.  The  classification  of  the  area  at  "B"  accurately 
depicts  this  combination  of  bare  soil  and  green  vegetation. 

Figure  9  shows  a  close-up  view  of  the  classification  of  an  orchard 
at  Point  "C."  Note  the  pattern  shown  for  the  "T"  and  "/"  symbols, 
representing  the  "tree"  and  "green  agricultural  vegetation"  classes, 
respectively.  The  Individual  RSU's  do  not  indicate  individual  trees 
due  to  the  digitization  procedures  used  with  the  scanner  data.  Rather, 
the  pattern  of  RSU's  identified  as  "trees"  and  as  "green  vegetation" 
is  a  distinct  moire  pattern  (1).  However,  the  number  of  RSU's  identi- 
fied as  "trees"  and  as  "green  vegetation"  appear  in  about  the  expected 
proportion  after  viewing  the  aerial  photograph.  It  is  important  that 
the  orchard  trees  were  identified  as  such,  since  the  "tree"  training- 
samples  were  obtained  from  a  forested  area  beside  Moon  Lake.  These 
trees  had  similar  physiognomic  characteristics  but  were  not  the  same 
species. 

California  Data  Analysis 

Scanner  data  collected  near  Davis,  California,  were  utilized  in 
the  last  phase  of  this  study.  The  data  were  classified,  using  the 
following  classes:  soil  (both  light  and  dark),  immature  rice,  mature 
rice,  safflower,  and  water.  Figure  10  shows  imagery  of  the  area  in 
the  0.8-1.0  jum  wavelength  band  and  the  computer  printout  of  the 
classification  results  for  the  entire  area,  on  a  crop  by  crop  basis. 

The  accuracy  was  98%  for  the  training  fields  and  97%  for  the 
test  fields  (Table  2). 
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Discussion 

The  classification  results  for  the  Indiana  data  were  particularly 
important,  since  this  was  the  first  time  that  such  a  large  geographic 
area  has  been  automatically  mapped  into  basic  cover  types.  These 
results  demonstrated  the  capability  to  successfully  extrapolate  from 
training  samples  taken  in  one  small  segment  of  the  flightline  to  the 
entire  70  square  mile  area. 

Even  though  the  classification  results  of  the  Indiana  data  were 
highly  accurate  (over  97%),  there  was  a  slight  change  in  spectral 
response  of  the  various  materials  as  the  distance  between  the  area 
classified  and  the  training  area  increased.  This  was  indicated  by  a 
larger  percentage  of  RSU's  being  thresholded  near  the  southern  end 
of  the  flightline. 
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Figure  8.     Moon    Lake    test    urea.    The    classification    results    on,    the    right    show    water, 

bare  soil,  trees,  and  two  classes  of  agricultural  vegetation. 

band.    Right,  imager})  in  0.80-100  ^m  band  (reflective  infrared). 


Four  possible  reasons  for  spectral  changes  are:  1)  a  difference 
in  atmospheric  conditions  between  the  northern  and  southern  portions 
of   the    flightline;    2)    slight   change    in    the    spectral    characteristics    of 
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the  materials  due  to  geographic  variability  {e.g.  trees  being  leafed 
out  more  in  the  south,  or  differing  water  quality  between  the  East 
and  West  Forks  of  the  White  River);  3)  adjustments  in  instrumenta- 
tion setting,  although  this  will  normally  produce  dramatically  different 
results;  and  (4)  electronic  variations  in  some  of  the  data  gathering, 
recording,  or  processing  instrumentation.  The  third  possibility  was 
not  believed  to  be  a  factor,  but  any  of  the  other  possibilities  alone 
or  in  concert  could  have  caused  the  observed  shift  in  spectral  response. 
In  this  classification,  the  shift  in  response  was  slight,  and  oc- 
curred over  a  relatively  long  flightline.  The  results  were  not  greatly 
affected  since  the  materials  being  classified  were  spectrally  very 
different  in  some  wavelength  bands.  However,  these  observed  changes 
indicate  a  need  for  further  study  of  this  type  of  phenomena,  so  that 
proper  techniques  for  instrument  calibration  and  for  delineating  an 
optimum  set  of  training  samples  can  be  developed.  If  the  problem 
cannot  be  corrected  by  instrument  calibration  techniques,  procedures 
for  periodically  modifying  the  training  samples  may  have  to  be 
developed.  This  might  involve  such  procedures  as  using  a  new  set 
of  training  samples  every  20  miles  of  the  flightline  and  weighting 
the  new  training  samples  more  than  the  previously  existing  training 
samples. 
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Figure  9.     Left,     classification,    of    orchard    area    at    Moon    Lake    showing    a,    moire    pat- 
tern   with    the    rows    of    trees.     Center    is    scanner    imagery    in    0.66-0.72    nW.     wavelength 


The  accuracy  obtained  in  all  three  sets  of  data  indicate  that  the 
LARS  automatic  processing  techniques  for  multispectral  scanner  data 
can  be  utilized  for  data  from  various  geographic  locations. 
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Figure    10.      California   data    imagery    in    the    0.80-1.00    ^m    band    at    left.      The    classifica- 
tions of  rice,  safflower,  and  bare  soil  are  at  center  and  right. 
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ABSTRACTS 

Nest   Mortality   in   Two   Species   of   Mud    Daubers   in    Eastern    Indiana. 

Bruce  M.  Lindstrom  and  Sarah  C.  Strawn,  Earlham  College,  Rich- 
mond, Indiana  47374. Results  of  a  study  of  Sceliphroyi  caementarium 

(Drury)  and  Trypargilum  politum  (Say)  in  the  summer  of  1970  show 
a  change  in  nest  mortality  from  north  to  south  through  Wayne, 
Union,  Fayette,  and  Franklin  counties  in  eastern  Indiana.  Nest  mor- 
tality in  S.  caementarium  decreased  going  south,  while  nest  mortality 
in  T.  politum  increased.  This  appears  to  reflect  a  decrease  in  nests 
of  S.  caementarium  from  north  to  south  and  an  increase  in  nests  of 
T.  politum,  which  in  turn  is  based  on  a  habitat  preference  of  the 
wasps.  T.  politum,  prefers  the  forest-dominated  southern  counties  while 
S.  caementarium  is  more  plentiful  in  the  field-dominated  northern  areas. 
Insects  found  to  attack  the  two  species  were,  in  order  of  decreasing 
severity,  the  beetle  Trogoderma  (Dermestidae),  the  wasp  Melittobia 
chalybii   (Eulophidae),  and  the  cuckoo-wasp  Chrysis   (Chrysididae). 

Parasitic  Lepidoptera  in  Indiana.  Leland  Chandler,  Purdue  Uni- 
versity, Lafayette,  Indiana  47907. Larvae  of  the  lepidopterous  fam- 
ily Epipyropidae  are  parasitic  on  several  species,  representing  several 
families,  of  the  Homoptera  superfamily  Fulgoroidea.  Although  this 
moth  family  has  an  extensive  geographic  range,  records  of  its  occur- 
rence are  from  widespread  areas,  and  individuals  are  relatively  un- 
common. One  species  has  been  extremely  common  in  Tippecanoe  and 
Warren  counties  in  both  1969  and  1970.  Immature  stages  and  adults 
are  described  in  a  partial  life  history  study. 

Underground  nests  of  Augochlora  pura  (Say)  (Hymenoptera:   Halictidae). 

Leland    Chandler,    Purdue    University,    Lafayette,    Indiana    47907. 


Typically,  the  nests  of  Augochlora  pura  (Say)  are  excavated  in  the 
soft  wood  of  decaying  logs.  Recently,  females  have  been  induced 
to  nest  in  artificially  prepared  substrate.  Females  introduced  into  the 
Purdue  Comparative  Ethology  chambers  excavated  nests  in  soil  clumps 
which  had  been  provided  for  another  halictine  species,  Halictus  ligatus 
Say.  One  of  these  nests  produced  two  females  and  two  males.  Each 
of  these  females  excavated  nests  and  each  brought  forth  a  similar 
brood. 

Vespa  crabro  L.  and  Polistes  humeri  Bequaert  in  Indiana  (Hymenoptera: 
Vespidae).  Leland  Chandler,  Purdue  University,  Lafayette,  Indiana 
47907.— — Since    entering   Indiana,   the    European    hornet,    Vespa   crabro 
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L.,  has  dispersed  throughout  the  southern  fourth  of  the  state,  and 
continues  to  expand  its  range  northward.  Workers  have  caused  con- 
siderable damage  to  lilac  in  several  localities,  and  mature  white  oaks 
have  been  girdled  below  the  soil  level  at  one  site.  One  child  has  been 
viciously  attacked  in  Harrison  County.  Polistes  hunteri  Bequaert,  not 
previously  recorded  from  Indiana,  is  now  known  from  Crawford  County. 

NOTE 

New   Records  of  Indiana  Collembola.    John  W.  Hart,  Hayes  Research 

Foundation,    Inc.,    Richmond,    Indiana   47374. Sixty-nine   species    and 

forms  of  Collembola  were  reported  from  Indiana  by  the  author  (1)  in 
1969.  Fifteen  1970  records,  which  bring  the  total  known  Indiana  species 
to  84  are  presented  as  follows: 

Odontella  cornifer  Mills,  1934;  Friesea  pentacantha  Mills,  1934; 
Tomocerus  flavescens  separatus  Folsom,  1913;  T.  lamelliferus  Mills, 
1934;  T.  vulgaris  (Tullberg),  1871;  Folsomides  parvus  Folsom, 
1934;  F.  stachi  Folsom,  1934;  Holotoma  elongata  (MacGillivray), 
1896;  Folsomia  diplophthahna  (Axelson),  1902;  F.  quadrioculata 
(Tullberg),  1871;  Hydroisotoma  schafferi  (Krausbauer),  1898;  Prois- 
otoma  americana  Mills,  1934;  Isotoma  viridis  Bourlet,  1839;  Eu- 
tomobrya  atrocincta  millsi  Bonet,  1942;  E.  multifasciata  (Tullberg), 
1872, 

Three  of  these  records,  Isotoma  viridis  Bourlet,  Folsomides  parvus 
Folsom  and  Folsomides  stachi  Folsom,  were  collected  as  part  of  studies 
at  the  new  Brookville  Ecological  Research  Center  (BERC).  This 
former  farm  is  leased  by  the  Army  Corps  of  Engineers  to  Earlham 
College  and  Miami  University   (Ohio)  for  scientific  study  purposes. 

Long  term  changes  in  Collembolan  populations  will  be  studied 
as  they  correlate  with  successional  advance  on  abandoned  farm  land. 
Collections  are  made  according  to  soil  type  as  determined  by  the 
published  soil  survey  for  the  county  and  an  SCS  soil  survey  of  the 
study  area.  Concurrent  studies  of  plants,  mammals,  birds,  reptiles, 
amphibians,  and  soils  are  being  carried  out. 

The  assistance  of  Dr.  D.  L.  Wray,  North  Carolina  Department 
of  Agriculture,  who  verified  many  of  these  determinations  is  gratefully 
acknowledged.  All  84  Indiana  records  have  been  checked  by  competent 
Collembolan  taxonomists.  Author's  voucher  specimens  are  located 
in  the  Joseph  Moore  Museum,  Earlham  College. 
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Observations  on  Periodical  Cicadas  (Brood  X) 
in  Indiana  in  1970  (Homoptera-Cicadidae)^ 

Frank  N.  Young 

Zoology  Department 

Indiana  University,  Bloomington,  Indiana  47401 

Abstract 

Emergence  of  Brood  X  of  periodical  cicadas,  Magicicada  septendecim,  M.  cassini, 
and  M.  septendecula  occurred  widely  over  southern  Indiana  in  May  and  June  1970, 
but  was  restricted  in  the  northern  parts  of  the  state.  In  Monroe  County,  Indiana,  the 
period  of  emergence  was  11  days  or  less  in  any  one  place,  but  emergence  in  different 
areas  began  about  May  14  and  ended  about  June  2.  Emergence  was  earlier  on  the 
edges  of  woods  and  later  in  densely  shaded  areas.  Observations  outside  Indiana  suggest 
that  Brood  X  may  now  be  divided  into  three  isolated  areas. 

Periodical  cicadas  of  Brood  X  (Magiciada  septendecim  L.,  M.  Cassini 
Fisher,  and  M.  septendecula  Alexander  &  Moore)  emerged  in  large  num- 
bers in  southern  Indiana  during  late  May  and  early  June,  1970.  This 
brood  has  previously  been  reported  from  every  county  in  Indiana,  but 
the  1970  emergence  indicates  that  there  has  been  a  considerable  reduc- 
tion since  1953  when  it  was  reported  widely  over  the  state. 

The  accompanying  map  summarizes  the  observations  and  available 
reports  of  emergence.  Scattered  emergence  over  the  northern  part 
of  the  state  probably  occurred  but  was  not  reported.  Emergence  was 
general  over  the  southern  third  of  Indiana  and  was  equal  to  or  greater 
in  magnitude  than  the  emergence  in  1953  in  at  least  10  counties 
(Owen,  Greene,  Monroe,  Brown,  Bartholomew,  Lawrence,  Orange, 
Jackson,  Jennings,  and  Jefferson). 

All  three  17-year  species  were  collected  in  Monroe,  Brown,  Jack- 
son, Greene,  Dubois  and  Jefferson  Counties  by  the  writer  and  in  Orange 
County  by  Don  W.  Hamilton.  In  other  counties  (marked  with  a  small 
o  on  Figure  1)  M.  septendecim  and  M.  cassini  were  collected  or  observed. 

An  attempt  was  made  to  determine  whether  Brood  X  occurred  in 
the  same  localities  in  which  the  13-year  Brood  XXIII  emerged  in 
1963.  Twelve  stations  at  which  Magicicada  tredecim  Walsh  and  Riley, 
M.  tredecassini  or  M.  tredecula  Alexander  and  Moore  were  observed 
in  1963  were  revisited.  All  were  negative,  not  only  at  the  time  of 
emergence,  but  also  later  showed  no  evidence  of  oviposition.  These 
stations  were  in  the  White  River  and  Wabash  valleys  generally  in 
Knox,  Daviess,  Gibson,  Posey,  Warwick,  and  Spencer  counties.  Emer- 
gence of  Brood  X  occurred  in  southern  Vanderburgh  (M.  W.  Denner, 
personal  communication),  Warwick,  Daviess,  and  in  eastern  Knox 
counties  (R.  E.  Dolphin,  personal  communication),  but  in  localities 
other  than  those  in  which  Brood  XXIII  was  observed  in  1963.  It 
seems  probable  that  the  17-year  and  13-year  broods  do  not  occupy 
the  same  habitats  although  they  intermesh  with  one  another. 
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Map  of  Indiana  showing  glacial  boundaries  and  Wisconsin  moraines.  By  William  J.  Wayne,  1956;  in 
part  from  Leveret!  and  Taylor,  1915,  pi.  6;  Thornbury,  1937,  fig.  8;  and  Thornbury,  in  preparation. 
(From  Ind.  Dept.  Conserv.,  Geo/.  Survey,  Report  of  Progress  No.  7,  fig.  2) 

Figure  1.  Map  of  Indiana  showing  general  distribution  of  periodical  cicadas  (Brood 
X)  in  Indiana  in  1970.  O  indicates  a  major  emergence  over  most  of  county,  o  indi- 
cates scattered  emergence  in  county,  _|_  indicates  major  emergence  reported,  +  indi- 
cates scattered  or  light  emergence  reported,  —  indicates  areas  checked  for  emer- 
gence of  Brood  X  in  areas  inhere  Brood  XXIII  of  13-year  cicadas  emerged  in  1963.  (Map 
courtesy  of  Indiana  Geological  Survey.) 
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The  time  of  emergence  was  generally  earlier  than  in  1953.  Near 
Bloomington  (Monroe  County)  the  first  adults  were  observed  on  May 
14  (Mrs.  D.  G.  Frey,  personal  communication).  Emergence  on  the 
Indiana  University  campus  began  on  May  18.  The  first  "chorus"  was 
heard  on  the  I.U.  campus  on  May  20,  and  south  of  Bloomington  on 
May  21  (Mrs.  D.  G.  Frey,  personal  communication). 

Daily  observations  and  collections  were  made  at  eight  locations 
on  the  I.U.  campus  from  May  19  through  May  29  when  the  emergence 
ended.  All  three  of  the  species  of  Magicicada  emerged  on  the  campus, 
but  M.  septendecula  occurred  only  in  very  low  numbers  as  was  true 
in  1953.  On  each  morning,  all  newly  emerged  adults  which  could  be 
found  were  collected  in  each  area  except  in  Area  4  where  during 
the  height  of  the  emergence  collecting  was  restricted  to  Vz  hour. 
Each  area  was  approximately  10  by  20  m.  Study  locations  are  as 
follows: 

Area  1.  A  fragment  of  mature  forest,  predominantly  beech  and  maple,  shaded  by 
buildings  on  the  east  and  west  (Jordan  and  Myers  halls).  Essentially  flat, 
well  drained.  This  and  all  areas  except  7  and  8  not  compacted  by  cross- 
walks or  other  traffic.  Tree  shade  heavy. 

Area  2.  Cleared  area  (lawn)  shaded  on  west  by  low  temporary  building.  Well  drained. 
Tree  shade  light.  Emergence  primarily  around  large  beech  trees. 

Area  3.  Part  of  mature  foi-est  fragment  on  gentle  north-facing  slope,  predominantly 
mature  beech-maple  with  understory  of  pawpaw  and  a  few  other  shrubs 
and  vines.  Well  drained.  Emergence  heaviest  along  open  south  edge.  Tree 
shade  moderate. 

Area  4.  Area  of  mixed  forest  on  either  side  of  small  temporary  stream.  Drainage  in 
part    poor.    Tree    shade    heavy.    Emergence    heaviest    along    open    south    edge. 

Area  5.  Area  within  mature  beech-maple  forest  fragment  on  gentle  south-facing 
slope  (central  quadrangle  of  campus).  Understory  of  pawpaw  and  other 
shrubs.  Drainage  good.  Tree  shade  moderate  to  heavy. 

Area  6.  Ai*ea  at  edge  of  mature  beech-maple  forest  fragment  on  either  side  of 
a  temporary  stream  (central  quadrangle  of  campus).  Understory  of  pawpaw 
and  other  shrubs.  Drainage  generally  good.  Tree  shade  moderate  to  heavy. 
Emergence  heaviest  along  open  eastern  edge. 

Area  7.  Lawn  ai-ea  immediately  east  of  6.  Area  compacted  by  mowing  and  foot 
traffic.  Drainage  good.  Tree  shade  light.  Emergence  mainly  around  large 
beech  trees. 

Area  8.  Area  on  either  side  of  walkway  without  grass.  Soil  compacted  and  with  some 
added  gravel.  Drainage  probably  good.  Partly  shaded  on  south  by  low 
temporary  building.  Tree  shade  moderate.  Emergence  around  a  few  living 
and  some  dead  trees  (beech  and  cherry). 

Table  1  shows  the  pattern  of  emergence  in  the  areas  listed  above.  In 
addition  to  the  collections  recorded  in  Table  1,  Magicicada  septendecula 
was  collected  once  in  Area  3  and  a  few  times  at  other  locations  on  the 
campus.  It  was  also  locally  abundant  at  a  number  of  sites  elsewhere 
in  Monroe  County. 

Magicicada  cassini  emerged  most  abundantly  in  a  relatively  poorly 
drained  area  along  either  side  of  a  small  temporary  stream  (Table  1). 
This  also  checks  with  observations  made  in  other  counties  where  M. 
cassini    was    characteristically    found    more    frequently    along    streams 
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and    M.    septendecim    and    M.    septendecula   more    frequently    on    well- 
drained  sites  (1). 


Table   1.     Record  of   emergence   of   Magicicada   septendecim    and  M.    cassini    listed   in 

2-day  intervals  for  selected  areas  of  Indiana  University  Campus, 

Blooming  ton,  Indiana. 


Species1 

Dates 

of  Emer 

gency    ( May, 

1970) 

Total 

Area 

18-19 

20-21 

22-23 

24-25 

26-27 

28-29 

Density- 

1 

S 

I) 

15 

24 

25 

4 

3 

71 

.35 

C 

0 

0 

3 

1 

0 

0 

4 

.02 

2 

s 

L3 

13 

14 

7 

0 

0 

47 

.35 

c 

1 

2 

2 

2 

0 

0 

7 

.03 

3 

s 

0 

42 

20 

16 

3 

5 

86 

.4:-! 

c 

0 

0 

1 

2 

0 

0 

3 

.01 

4 

s 

24 

21 

44 

16 

14 

4 

128 

.61 

c 

79 

121 

209 

71 

51 

5 

536 

2.18 

5 

s 

12 

42 

64 

32 

70 

24 

244 

1.22 

c 

1 

(1 

4 

IS 

0 

0 

23 

.11 

6 

s 

30 

11 

55 

133 

6 

57 

295 

1.47 

c 

0 

0 

1 

2 

0 

0 

3 

.01 

7 

s 

0 

40 

93 

53 

6 

5 

L97 

.US 

c 

0 

3 

11 

2 

4 

0 

20 

.10 

8 

s 

0 

17 

MS 

6 

0 

0 

61 

.30 

c 

() 

11 

32 

12 

0 

0 

55 

.27 

Total 

s 

79 

201 

325 

291 

L03 

98 

1124 

.70 

(' 

81 

137 

263 

110 

55 

5 

651 

.40 

1  Magicicada  septemdecim  =  S;  M.  cassini  =  C. 

a  Crude  density  calculated  as  cicadas  emerging  per  square  meter. 


The  emergence  in  the  study  sites  was  relatively  uniform  from 
May  19  until  the  27th  when  following-  a  cold  night  no  cicadas  could 
be  found  emerging  anywhere  on  the  campus  or  in  the  surroundings. 
Emergence  resumed  in  some  areas  on  the  28th  and  29th,  but  no  further 
emergence  was  observed  after  the  latter  date.  About  May  27th, 
nymphal  skins  were  removed  from  all  areas  and  no  further  emergence 
was  indicated  after  the  29th  by  presence  of  adults  or  new  nymphal 
skins  through  June  6th. 

The  data  in  Table  1  are  only  semi-quantitative  since  many  cicadas 
probably  escaped  by  climbing  directly  up  trees  before  the  collectors 
appeared  on  the  scene.  However,  there  are  indications  that  shading, 
slope,  and  degree  of  soil  compaction  influences  the  timing  of  emergence. 
In  all  areas  the  earlier  emergence  was  noted  along  an  open  edge  or 
thinly  shaded  area  and  in  Area  6  the  largest  emergence  from  the 
densely  shaded  portion  came  6  days  after  fairly  heavy  emergence 
had  occurred  at  the  open  edge.  In  Area  3  the  heaviest  emergence 
occurred  along  the  open  south  edge  and  the  heavily  shaded  portion 
produced  only  a  few  cicadas  although  this  was  the  location  of  the 
disruption  of  the  I.U.  commencement  by  a  cicada  chorus  in  1936. 
In    the    heavily    compacted    areas    many    defective    cicadas    Were    found. 
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These    had    apparently    injured    themselves    burrowing    up    through    the 
soil  and  gravel. 

No  large  choruses  were  heard  on  the  campus,  nor  was  there  much 
evidence  of  oviposition.  It  is  possible  that  the  remaining  forest 
fragments  are  now  too  small  to  support  viable  populations  of  Magicicada. 
However,  large  choruses  were  not  apparent  in  1953  nor  was  much  ovi- 
position damage  evident,  yet  the  emergence  in  Area  4  was  as  heavy 
or  heavier  than  in  1953. 

A  minor  emergence  of  Magicicada  septendecim  occurred  in  Area 
6  in  1966  (1  male,  May  24;  5  nymphal  skins,  June  2).  This  may 
represent  a  relict  of  Brood  VI  which  emerged  in  that  year  and  was 
recorded  from  southern  Indiana,  but  may  be  support  for  Lloyd  and 
Dybas'  hypothesis  (2)  of  a  four-year  acceleration  in  duration  of  the 
life  cycle. 

A  single  female  of  M.  septendecim  was  collected  in  Bloomington, 
May  29,  1967.  It  is  improbable  that  this  represented  Brood  VII  which 
has  not  been  reported  from  Indiana  in  recent  years. 

A  single  male  of  M.  septendecula  was  collected  on  the  campus 
in  1968  (May  21)  and  probably  represents  an  accelerated  emergence 
of  Brood  X  although  possibly  Brood  VIII  which  emerged  in  that  year 
in  Ohio  and  Illinois  but  was  not  recorded  from  Indiana. 

Observations  elsewhere  suggest  that  Brood  X  has  been  considera- 
bly reduced  over  much  of  its  range.  The  writer  crossed  Kentucky 
and  visited  a  number  of  counties  in  which  Magicicada  was  recorded 
in  North  Carolina,  South  Carolina,  and  Georgia  in  previous  emergences 
of  Brood  X.  Cicadas  were  found  in  Trimble  and  Henry  Counties, 
Kentucky,  and  a  verbal  report  was  obtained  of  a  very  light  emergence 
in  Madison  County.  No  evidence  of  emergence  or  reports  could  be 
obtained  in  North  or  South  Carolina  or  Georgia.  In  Tennessee,  emer- 
gence was  moderately  heavy  in  the  eastern  part  of  the  state.  Emer- 
gence was  also  heavy  in  Maryland,  Pennsylvania,  and  Washington, 
D.C.  It  seems  possible,  however,  that  Brood  X  is  now  divided  into 
three  main  areas  if  indeed  it  was  ever  one  unit. 

Economically,  the  1970  emergence  of  Magicicada  seems  to  have 
been  unimportant  in  Indiana.  Forest  trees  were  "flagged"  over  large 
areas,  but  none  seems  to  have  been  killed  by  cicada  oviposition.  Some 
damage  to  small  trees  planted  along  Interstate  65  in  Floyd,  Clark, 
and  Jackson  Counties  was  evident.  Lombardy  poplars  seem  to  have 
been  favorites  of  the  cicadas  or  showed  more  evident  damage.  Damage 
to  small  trees  in  most  cases  occurred  near  woodlands,  but  "flags" 
were  evident  on  some  trees  at  a  considerable  distance  from  forested 
areas.  Orchardists  generally  seem  to  have  protected  their  plantings 
with  sprays  and  fogging.  In  the  areas  of  heaviest  emergence  the 
only  trees  besides  the  evergreen  which  escaped  all  damage  were 
Ailanthus.  Oviposition  in  poison-ivy  was  observed  in  several  places, 
and  in  Morgan-Monroe  State  Forest  a  list  of  trees  and  shrubs  showing 
oviposition  marks  included  every  woody  plant  that  could  be  identified. 
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Records  and  Observations  of  Indiana  Odonata 

B.  Elwood  Montgomery 

906  North  Chauncey  Avenue 

West  Lafayette,  Indiana  47907 

Abstract 

The  development  of  the  knowledge  of  the  dragonflies  of  Indiana  is  traced  from 
its  beginning  over  130  years  ago.  The  first  American  paper  on  the  Odonata,  Say's 
"Neuropterous  Insects",  published  posthumously  in  1839,  listed  17  species  for  the 
state.  Our  knowledge  of  this  fauna  has  grown  by  the  publication  of  many  papers 
of  records,  notes  and  observations,  especially  from  1897  to  1954.  A  bibliography  of 
43  entries  documents  the  review  of  this  development. 

Records  and  notes  on  69  species,  compiled  from  records  of  2556  specimens  of  87 
species  obtained  or  studied  since  1954,  and  from  "rearings"  of  over  8300  naiads  from 
1961  to  1968  are  included  in  this  paper.  Most  of  these  show  extension  of  the  range 
of  species  in  the  state  in  the  form  of  new  county  records.  One  species,  Sympetrum 
costiferum    (Hagn),  is  recorded  from  the  state  for  the  first  time. 

Information  of  seasonal  life  histories  has  been  compiled  from  identification  of 
instars  included  in  the  collections  of  naiads  for  rearing.  Ischnura  verticalis  (Say) 
and  Erythemis  simplicicollis  (Say)  appear  to  breed  throughout  the  flight  season 
which  for  both  of  these  species  extends  from  April  to  October ;  Neotetrum  pulchellum 
(Drury)  and  Holotania  luctuosa  (Burmeister)  do  not  show  as  even  a  distribution  of 
different  instars  throughout  the  year,  but  all  four  species  pass  the  winter  in  many 
different  instars.  Experiments  with  the  effects  of  temperature  on  rate  of  growth 
indicate  that  Pantala  spp.,  are  not  permanent  residents  of  the  state,  since  naiads 
show  no  development  and  survive  only  a  few  days  at  temperatures  of  65°  F,  and  below. 
Development  is  rapid  enough  to  allow  two  or  three  generations  to  develop  in  the 
state  after  adults  fly  in  from  the  south  each  season. 

Historical  Development  of  the  Knowledge  of  Indiana  Odonata 

The  odonata  fauna  of  Indiana  has  been  studied  for  a  fairly  ex- 
tended period  and  the  literature  is  rather  extensive.  The  first  American 
paper  on  the  Odonata  was  written  in  the  state  some  time  before 
Thomas  Say's  death  in  1834.  It  was  presented  posthumously  at  a 
meeting  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  July  12, 
1836,  and  was  published  three  years  later  (19).  This  paper  recorded 
only  17  species  for  Indiana  without  details  further  than  "inhabits 
Indiana"  with  one  exception.  Gomphus  externus  was  noted  as  "com- 
mon in  June  on  the  banks  of  the  Wabash."  Five  other  species  now 
on  the  state  list  were  described  by  Say  in  this  paper  from  other  areas 
or  without  specific  (state)  localities.  A  list  of  17  species  does  not 
seem  impressive  if  compared  with  the  present  state  list  of  148  nominal 
species,  but  Say  was  a  general  collector  and  probably  made  little 
attempt  to  secure  specimens  of  this  order.  Furthermore,  very  little 
was  known  of  the  group  in  Say's  time;  none  of  the  classics  on  dragon- 
flies  had  been  published.  The  Science  of  Odonatology  may  be  said 
to  have  had  its  origin  in  1839-1842  with  the  publication  of  the  classical 
books  by  Burmeister  (1),  Hagen  (3),  Selys  (21),  and  Rambur  (16), 
at  least  5  to  8  years  (and  possibly  longer)  after  Say's  paper  was 
written.  The  first  of  these,  that  of  Burmeister,  described  only  159 
species  for  the  entire  world ! 
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The  second  paper  dealing-  directly  with  Indiana  Odonata  (4),  a 
local  list  of  14  species  from  Turkey  Lake  (now  known  as  Lake  Wawasee) 
did  not  appear  until  more  than  60  years  after  Say's  work.  "Indiana 
was  too  far  west  to  be  visited  by  the  eastern  entomologists  and  too 
far  east  to  share  in  the  great  western  explorations  of  the  period" 
(37).  Following  Kellicott's  Turkey  Lake  paper,  the  accumulation 
of  information  on  Indiana  dragonflies  was  quite  rapid  and  more  or 
less  continuous  for  almost  50  years.  Williamson  prepared  a  list  of 
25  species  from  Round  and  Shriner  lakes  in  1897  (27)  and  described 
a  new  species  (Ischnura  kellicotti)  from  the  same  locality  the  following 
year  (28).  The  excellent  treatise,  "Dragonflies  of  Indiana,"  with 
descriptions,  measurements,  distributions,  figures  and  keys  for  84 
species  then  known  for  the  state,  and  41  others  which  were  regional, 
was  published  in  1900  (29).  Two  papers  containing  additions  and 
corrections  appeared  almost  immediately — the  same  and  the  following 
years  (30,  31).  Weith  added  four  species  in  a  note  in  1900  (25),  and 
the  following  year  published  (as  co-author  with  Needham)  an  ex- 
cellent life  history  of  Nannothemis  bella  based  on  observations  around 
the  lakes  of  Elkhart  County  (26).  Kennedy  published  two  papers 
in  these  Proceedings  in  1902,  one  a  list  of  species  from  Lake  Winona 
(5),  the  other  a  discussion  of  specific  characters  of  the  species  of 
Argia  known  from  Indiana  (6). 

From  the  time  the  list  for  the  Whitley  County  lakes  was  prepared 
in  1897  until  his  death  in  1933,  Williamson  continued  his  collection 
and  study  of  the  dragonflies  of  Indiana  (as  well  as  those  of  the  Neo- 
tropical and  other  areas).  He  kept  detailed  notes  of  collection  data, 
distributed  duplicate  specimens  to  students  of  the  order  and  museums 
throughout  the  world,  published  faunistic  (36,  37,  39,  40,  41,  42), 
biological  (33)  and  systematic  (32,  38)  lists  and  notes,  and  revisional 
papers  (34,  35,  43)  and  encouraged  other  students  of  the  order.  In- 
diana specimens  were  used  extensively  in  papers  by  Garman  (2),  Ris 
(17,  18),  Walker  (22,  23,  24)  and  many  others.  His  extensive  collection 
records  formed  a  considerable  portion  of  the  data  used  by  this  author 
in  a  series  of  papers  (11)  on  the  distribution  and  relative  seasonal 
abundance  of  the  Indiana  species,  the  chief  features  of  which  were 
time-frequency  graphs. 

The  occurrence  and  local  distribution  of  species  within  the  state 
has  been  extensively  recorded  and  analyzed.  In  1917  Williamson 
published  an  annotated  list  of  125  species  indicating  seasonal  distribu- 
tion, by  thirds  of  months,  of  the  flight  period  and  the  counties  in 
which  each  had  been  found  (37).  A  paper  with  additions  (39)  was 
published  4  years  later.  This  author  was  encouraged  by  Williamson 
to  publish  a  similar  paper,  based  upon  collections  and  records  from 
other  collectors  and  collections  obtained  by  both  workers  in  1925  (10). 
This  practice  was  continued  in  several  series  of  papers  (10,  11,  12, 
13)  until  15  years  ago  when  the  author's  research  activities  were 
diverted  more  or  less  exclusively  to  other  areas.  However,  many 
interesting  records  have  been  accumulated  during  this  period  and  are 
presented  here. 
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Continued  study  of  the  local  occurrence  and/or  disappearance 
of  species  of  dragonflies  would  appear  to  have  very  relevant  connections 
with  changes  in  the  environment  and  possible  pollution  of  bodies  of 
water  in  which  they  are  found.  Since  the  Odonata  occupy  a  position 
at  the  apex  of  the  predator-prey  pyramid  of  invertebrate  life  they 
reflect  any  disturbance  in  these  faunae  and  act  as  final  accumulators 
of  persistent  toxins  in  ponds,  lakes  and  streams. 

Study  of  the  dragonflies  of  the  state  is  much  handicapped  by  the 
scattered  literature  and  the  lack  of  readily  available  keys  or  other 
means  of  identification  of  the  species.  Publications  containing  keys 
are  too  expensive  and  too  extensive  for  use  by  most  students  and 
non-specialists.  They  are  either  very  technical  papers  difficult  for  a 
beginner,  or  an  "amateur"  to  use,  or  manuals  covering  so  wide  a 
territory  (United  States,  Canada  and  portions  of  Mexico  and  the 
West  Indies)  that  many  non-regional  forms,  confusing  to  a  non-expert, 
are  included. 

The  references  included  in  "Literature  Cited"  form  a  rather  com- 
plete bibliography  of  the  literature  on  Indiana  Odonata.  The  author 
has  developed  keys  to  most  groups  of  Indiana  dragonflies  and  it  is 
hoped  that  these  may  be  published  in  the  Proceedings,  or  separately, 
soon. 

Records  and  Notes 

The  records  offered  here  have  been  selected  from  the  identifications 
of  2556  specimens  of  87  species.  Only  new  state  and  county  records 
(starred,  *)  or  those  of  special  interest  for  other  reasons  are  included. 
One  species,  Sympetrum  costiferum,  new  to  the  state,  is  recorded,  bring- 
ing the  state  list  of  species  to  148. 

During  the  period  of  1960  to  1968  extensive  collections  of  naiads 
(over  8300  individuals)  were  made  for  use  in  experiments  on  the 
rate  of  growth  as  influenced  by  variations  in  photoperiod  and  tempera- 
ture. As  these  were  collected  throughout  the  year,  and  naiads  of 
different  instars  were  included,  a  great  amount  of  information  on 
the  seasonal  life  history  of  the  species  studied  should  be  available 
from  this  mass  of  material.  However,  only  a  small  portion  of  the 
collections  have  been  fully  studied  or  even  identified  to  species  and 
instar.  Most  collections  consisted  primarily  of  a  few  "test"  species 
and  were  from  a  limited  number  of  localities  (lakes  in  strip  mine  pits 
at  Ashboro,  Clay  County;  lakes  at  Boonville,  Warrick  County;  pools 
in  a  gravel  pit,  a  temporary  pond  in  the  Purdue  Research  Park,  and  Kolb 
Pond,  in  Tippecanoe  County).  Thus,  the  data  available  are  limited. 
However,  almost  all  notes  on  seasonal  life  history  previously  reported 
for  the  state  (and  for  most  other  areas)  have  been  based  upon  the 
collection  of  adults  and  last  instar  naiads,  or  records  of  exuvia.  Con- 
sequently, the  seasonal  occurrence  and  distribution  of  any  instar (s) 
of  most  species  make  a  contribution  to  our  knowledge  of  the  length 
of  the  life  history,  the  over-wintering  stage (s),  rapidity  of  develop- 
ment, overlapping  broods  and  number  of  generations  per  year.  Such 
data  as  are  readily  available  have  been  summarized  under  the  species 
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listings.  Because  of  lack  of  information  in  the  literature  of  the  num- 
ber of  instars  in  many  species,  including-  the  amount  of  variation  in 
such  number,  and,  especially  any  characteristics  by  which  the  different 
instars  may  be  identified,  only  the  instars  from  which  individuals 
have  been  reared  to  adult  emergence  are  considered  in  these  compila- 
tions. The  instars  are  identified  by  name  or  number  backward  from  the 
last:  1)  ult,  2)  penult,  3)  antepenult,  4)  quartult,  5)  quintult,  6) 
sextult,  7)  septult,  8)  octult,  etc. 

The  numbers  used  in  the  "List  of  Species"  are  those  of  Williamson 
(37)  and  later  interpolations. 

List  of  Species 

1)  Calopteryx  aequabilis  Say.  Elkhart:  Solomon  Creek,  July  27,  1967-quite  rare 
in  comparison   with   C.   maculata.   Fulton:    Mud   Creek,   July  28,    1966. 

2)  C.  maculata  (Beauvois).  Harrison:  Blue  River,  near  Harrison  County  State 
Forest,  July  26,  19671.  *Marshall:  Tippecanoe  River,  east  of  Rochester,  Aug.  13,  1959. 
Orange:  Raccoon  Creek,  Green  Bluffs,  June  21  &  24,  19671.  Parke:  Sugar  Creek, 
Turkey  Run  State  Park,  June  27,  19671.  Porter :  Little  Calumet  River,  east  of 
Chesterton,  Aug.  8,  19671 ;  Billington  Lake,  Aug.  8,  19671.  *Vigo :  pond,  Pimento,  Aug. 
16,  1966. 

4)  Hetaerina  americana  (Fabricius).  *Carroll :  Rock  Creek,  July  28,  1966.  Har- 
rison :  Blue  River,  near  Harrison  County  State  Forest,  July  25,  19671.  *Marshall : 
Tippecanoe  River,  northeast  of  Rochester,  Aug.  13,  1959. 

5a)  Archilestes  grandis  (Rambur).  *Allen :  wooded  city  lots  at  north  edge  of  Ft. 
Wayne,  Aug.  8  &  26,  Sept.  9  &  17,  1966,  James  Wappes  and/or  BEM.  Union :  tributary 
of  Hannah  Creek,  near  Burnside  Park,  Sept.  13,  1952. 

6)  Lestes  congener  Hagen.  St.  Joseph:  McClain  Pond,  South  Bend,  Aug.  24, 
1965,    G.    H.    Bick.    *Wayne:    Copes    Pond,    Oct.    2,    1961,    L.    C.    Cox2;    swamp,    Washing- 

8)  L.  eurinus  Say.  *St.  Joseph:  McClain  Pond,  South  Bend,  July  15,  1965,  G.  H. 
Bick. 

9)  L.  forcipatus  Rambur.  *Delaware:  swamp,  Cowan,  July  11,  1926.  *Gibson: 
pond  near  Patoka,  July  24,  1927.  *Huntington:  Wabash  River,  Aug.  1927,  Paul  Cook. 
*Knox:  pond  near  Decker,  July  15  &  27,  1924.  *Lawrence:  Troth  orchard,  Mitchell, 
June  22,  1935,  John  M.  Amos.  *Wayne:  swamp,  Washington  Twp.,  Aug.  6,  1967, 
R.  Hart2. 

10)  L.   inaequalis   Walsh.    *Kosciusko:    North   Webster,    June  25,    19612. 

11)  L.  rectangularis  Say.  Porter:  Billington  Lake,  Aug.  8,  19671. 

15)  Argia  apicalis  (Say).  *Franklin:  New  Trenton,  July  4,  1961,  F.  G.  Mark.2 
•Fulton:  Tippecanoe  River,  Aug.  19,  1959.  *Lagrange:  Pigeon  River,  west  of  Howe, 
July  27,  1967.  *Noble:  Elkhart  River,  Ligonier,  July  27,  1967.  *Vanderburg,  Bayou 
Creek  Road,  July  7,  1965,  R.  T.  Everly. 

16)  A.  moesta  (Hagen).  *Franklin:  Brookville,  June  26.  1961,  T.  G.  Marsh2; 
St.  Marys,  July  17  &  18,  19612.  *Union:  Brownsville,  July  25,  19612. 

17)  A.  sedula  (Hagen).  *Clay:  strip  mine  pits,  Ashboro,  Sept.  7,  1968.  *Fayette: 
Connersville,  Aug.  4,  1961,  T.  Marsh2.  *Fountain:  Sugar  Mill  Creek,  near  Wallace, 
Aug.  23,  1970. 

18)  A.    tibialis    (Rambur).    *Franklin:    New    Trenton,    July    11,    1961,    T.    G.    Marsh2. 

20)  A.  violacea  (Hagen).  *Franklin:  Mt.  Carmel,  June  30,  1961,  T.  G.  Marsh2. 
♦Owen:  McCormick's  Creek  State  Park,  July  8,  1967.  *Porter:  Billington  Lake, 
Aug.  8,  19671.  A  number  of  naiads,  all  in  the  penult,  were  obtained  at  the  mine 
pits,  Ashboro,  Clay  Co.,  Jan.  22,  1964. 

21)  Enallagma  antennatum  (Say).  ^Fountain:  Sugar  Mill  Creek,  near  Wallace, 
Aug.  23,  1970.  *Kosciusko:  Milford,  July  11,  1962.  *Union:  Liberty,  June  28,  19612. 
*  Wayne:  Dalton,  June  22,  1960,  T.  G.  Marsh2. 
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22a)  E.  basidens  Calvert.  *Vanderburg:  Lake  Hodoval,  Evansville,  July  29,  1967, 
Samuel  Fishman.  *Wayne:  Green  Twp.,  June  16,  1960,  T.  E.  Marsh2;  Economy,  July 
7,  1960,  T.  E.  Marsh-,  Richmond,  July  20,  1959,  Hanum2. 

25)  E.  civile  (Hagen).  *Crawford:  Wyandotte  Lake,  July  27,  19671.  Naiads  of 
this  species  were  collected  in  great  numbers  from  a  pond  in  Crawford  County 
in  the  spring  of  1966,  and  at  a  pond  in  West  Lafayette  in  the  late  autumn  of  the 
same  year.  It  appears  to  breed  continuously  throughout  the  warm  seasons.  It  was 
reared  from  egg  to  adult  in  our  laboratories  by  Dr.  Jerry  M.  Macklin  and  a  com- 
plete life  history  study  is  now  being  prepared  for  publication. 

29)     E.    exsulans    (Hagen).    *Owen:    Green's    Bluff,    June   21    &   July   24,    19671. 

35)  E.  traviatum  Selys.  *Pike:  roadside  pool,  June  23,  1967.  *St.  Joseph:  Bass 
Lake,  Lydick,  July  18,  1965,  G.  H.  &  J.  Bick.  *  Warrick:  water  supply  lake,  Boon- 
ville,  June  23,  1967. 

36)  Nehalennia    gracilis    Morse.     *  Wayne:     Richmond,    Aug.    7,    1959,    G.    L.    Ward2. 

37)  N.    irene    Hagen.    *Greene:    fish   pond,    near   Bloomfield,    July    12,    1967. 

38)  Amphiagrion  saucium   ( Burmeister) .  *  Wayne:   Richmond,  June  30,  1959,  J.  C.  B.8 
41)     Ischnura  posita  (Hagen).  *Porter:   Billington  Lake,  Aug.  8,  19671. 

43)  /.  verticalis  (Say).  This  species  has  been  used  very  extensively  in  photo- 
period-temperature  experiments  and  two  brief  studies  have  been  published  (14,  15).  The 
numbers  of  naiads  of  each  instar  collected  at  different  seasons,  shown  in  Table  1,  would 
seem  to  indicate  that  it  breeds  continuously  throughout  the  warm  months. 

Table  1.     Numbers  of  naiads  of  each  instar  of  Ischnura  verticalis  found 
during  certain  months. 

Instar 


February 

March 

April 

May 

June 

July 

August 

September 

November 

December 


3 

1 

4 

:u 

22 

1 

1 

35 

20 

41 

2 

7 

11 

5 

12 

22 

44 

62 

1 

4 

3 

9 

35 

1 

4 

17 

36 

9 

2 

5 

5 

60 

16 

L0 

24 

51 

16 

46)     Cordulegaster     diastatops      (Selys).      *Fayette:      Connersville,      June,      19572. 

49)  Progomphus  obscurus  (Rambur).  *Fountain:  Sugar  Mill  Creek,  near  Wallace, 
July  13,  1969. 

53)  Gomphus  crassus  Hagen.  *Hamilton:  July,  1949,  Max  Kingsolver.  ♦Tippe- 
canoe: Lafayette,  June  20,  1957. 

55)  G.  exilis  Selys.  Steuben:  Trailing  Lake,  Winghaven,  June  8,  19671.  Naiads  in 
the   ult   were   obtained   in   *Clay   and   Dubois   counties,    April   23,    Oct.    14,   and   Nov.    13. 

56)  G.    fratemus     (Say).     *Wayne:     Abington,    June    15,     1961,     T.     G.     Marsh2. 

58)  G.    graslinellus    Walsh.    *Franklin:    Brookville,    June    21,    1961,    T.    G.    Marsh2. 

59)  G.  lividus  Selys.  *Wayne:  Hagerstown,  June  19,  1961,  G.  L.  Ward2;  Webster, 
June  8,  1960,  T.  G.  Marsh2. 

61)     G.  spicatus  Hagen.  *Noble:   Bear  Lake,  June  4,  19671. 

66)  G.  villosipes  Selys.  *Lawrence,  a  naiad  in  the  ult  was  collected  from  a  stream 
at  Avoca,  April  10,  1966. 

68)     Dromogomphus    spinosus    Selys.    *Crawford:     Wyandotte    Lake,    July    27,     19671. 


258  Indiana  Academy  of  Science 

69)  D.  spoliatus  (Hagen).  *Vigo:  conservation  club  pond,  Farmersburg,  Aug.  10, 
1966. 

70)  Boyeria  vinosa  (Say).  *Owen:  Green's  Bluff,  near  Freeman,  July  16,  1955, 
Frank  N.  Young. 

71)  Basiaeschna  janata  (Say).  *Brown:  May  6,  1950,  Gerdsen  (ex:  Frank  N. 
Young).  Ultimate  instar  naiads  were  collected  from  Hannah  Creek,  *Union  County, 
Aug.  30,  1966,  and  from  mine  pits  at  Ashboro,  *Clay  County,  March  3,  1964  and 
April  23,  1965. 

72)  Anax  Junius  (Drury).  *Union:  pond,  5  miles  southeast  of  Liberty,  Aug.  5, 
1959. 

72a)  A.  longipes  Hagen.  Individuals  of  this  species  were  seen  on  several  oc- 
casions during  the  summers  of  1966  and  1967  at  Kolb  Pond,  *Tippecanoe  County, 
and  at  the  ponds  on  the  P.  U.  Forage  Farm,  *Dubois  County. 

78)  Aeshna  umbrosa  Walker.  *Henry:  Liberty  Twp.,  Sept.  15,  19572.  Naiads  in 
the  quartult  and  quintult  were  obtained  in  Hannah  Creek,  *Union  County,  Aug.  26, 
1966. 

79)  A.    verticalis    Hagen.    *Wayne:    Washington    Twp.,    Sept.    24,    1967,    R.    Hart2. 

86)  Macromia  wabashensis  Williamson.  *  Wayne:  Whitewater,  July  28,  19592.  This 
specimen  is  the  first  example  of  this  species  known  outside  of  the  area  of  Wells 
County,  Indiana  and  Paulding  County,  Ohio. 

87)  Epicordulia  princeps  (Hagen).  Naiads  in  the  penult  and  quartult  were  found 
January  25,  1966,  and  in  the  ult  November  13,  1965,  at  the  farm  ponds  in  Dubois 
County,  in  the  ult  May  27,  1966  at  Avoca,  *Lawrence  County,  and  Oct.  14,  1966,  at 
the  mine  pits,  Ashboro,  *Clay  County. 

89)  Tetragoneuria  cynosura  (Say).  *Steuben:  Trailing  Lake,  Winghaven,  June 
8  &  12,  1967'. 

94)     Somatochlora    linearis     (Hagen).     *Hamilton:     July     1,     1949,     Max     Kingsolver. 

96)  Holotania  cyanea  (Fabricius).  *Dubois:  P.  U.  Forage  Farm,  abundant 
during  summers  of  1966  and  1967,  especially  in  July,  at  ponds.  *Greene:  Bloomfield, 
July  12,  1967.  Lagrange:  Beaver  Dam  Lake,  June  13,  19671.  *Pike:  roadside  pool, 
June  23,  1967. 

96a)  Ladona  deplanata  (Rambur).  *Dubois:  common  during  May,  1966  and 
1967,  at  farm  ponds.  Naiads  in  the  ult  were  found  Jan.  25,  1966,  and  in  the  antepenult 
July  9,  1965. 

98)  Holotania  incesta  (Hagen).  *  Jackson:  lake,  Starved  Valley  State  Park, 
Aug.  9,  1961. 

99)  H.  luctuosa  (Burmeister) .  *Delaware:  Muncie,  Aug.  7,  1956,  Austin  Frish- 
man.  *Crawford:  Wyandotte  Lake,  July  27,  19671.  *Monroe:  Cedar  Bluff  area,  Clear 
Creek,  June  20,  19671.  *Newton:  Willow  Slough  Fish  and  Game  Preserve,  July  1, 
19671.  *Union:  Whitewater  State  Park,  Aug.  26,  1966.  This  species  has  been  used  in 
considerable  numbers  in  our  rate  of  growth  experiments.  The  data  summarized  in 
Table  2,  show  the  relative  numbers  of  naiads  of  each  instar  found  in  our  collections 
made  in  spring,  autumn  and  winter.  The  winter  is  passed  in  many  instars,  although 
we  found  naiads  in  the  ult  only  in  the  spring. 

100)  Neotetrum  pulchellum  (Drury).  *Hamilton:  July  9,  1949,  Max  Kingsolver. 
♦Newton:  Willow  Slough  Fish  and  Game  Preserve,  July  2,  19671.  This  species  was 
used  in  the  first  tests  in  the  rate  of  growth  experiments  (15,  9).  Almost  all  of  the 
naiads  were  collected  in  the  later  instars,  but  some  information  on  seasonal  life 
history  is  furnished  by  the  compilation  of  the  numbers  of  the  different  instars  col- 
lected (Table  3). 

103)  Holotania  vibrans  (Fabricius) .  *Posey:  Hovey  Lake  area,  near  dam,  June 
18,  1959,  R.  T.  Everly. 

104)  Plathemis  lydia  (Drury).  *Hamilton:  July  1947,  and  July  16,  1949,  Max 
Kingsolver.     *  Vermillion :     Wabash     River,     south     of     Perrysville,     July,     19671. 

105)  Perithemis  tenera  (Say).  "Crawford:  Wyandotte  Lake,  July  27,  19671. 
*Vanderburg,  Lake  Hodoval,  Evansville,  July  29,  1967,  Samuel  Fishman  ;  Perry  Twp., 
July  8,  1966,  R.  T.  Everly. 
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Table  2.     Numbers  of  naiads  of  each  instar  of  Holotania  luctuosa 
found  in  spring,  autumn  and  winter. 

Instars 


January 

March 

April 

September 

October 

November 

December 


Table  3.     Numbers  of  naiads  of  each  instar  of  Neotetrum  puchellum  collected. 


Instars 


March 

April 

August 

September 

October 

November 

December 


11 


1 

2 

29 

2 

1 

4 

68 

101 

29 

7 

1 

1 

2 

1 

1 

1 

4 

1 
3 

12 

1 

21 

19 

22 

107)  Erythemis  simplicicollis  (Say).  *Cass:  Lake  Cicott,  June  28,  1961,  July  14, 
1963,  Aug.  13  &  19,  1959.  *Clay:  mine  pits,  Ashboro,  Sept.  7,  1968  (also  naiads  col- 
lected on  many  dates  throughout  the  year).  *  Jackson:  Starved  Valley  State  Park, 
Aug.  9,  1961.  *Montgomery:  muck  area,  southeast  of  Linden,  July  12,  1963.  *Spencer: 
Sept.  6,  1961,  Austin  Frishman.  *Union:  pond,  5  miles  southeast  of  Liberty,  Aug.  5, 
1959;  lake,  Whitewater  State  Park,  Aug.  26,  1966:  Liberty,  Sept.  1,  19552.  *Wayne: 
Aug.  13,  1950-.  Several  hundred  naiads  of  this  species  have  been  used  in  the  rate  of 
growth  experiments,  but  many  of  the  series  have  not  been  studied  yet.  However, 
enough  data  are  available  (Table  4)  to  indicate  that  the  species  breeds  continuously 
throughout  the  flight  season,  which  is  very  long,  and  that  winter  is  passed  in  many 
instars. 

108)  Sympetrum  ambiguum  (Rambur).  *Wayne:  pond  and  swamp,  Washington 
Twp.,  Sept.  21,  1968. 

Table  4.      Tabulation  of  the  number  of  naiads  of  each  instar  of  Erythemis 
simplicicollis  collected  during  the  season  of  flight. 


Instars 


April 

May 

August 

September 

October 


3 

24 

24 

22 

1 

3 

ti 

14 

23 

32 

73 

112 

97 

40 

17 

S 

2 

14 

23 

32 

58 

38 

1 

2 

6 

11 

15 

6 

4 
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109)  Tarnetrum  corruptum  (Hagen).  Naiads  in  the  ult  were  obtained  at  a  pond 
in  West  Lafayette,  Sept.  2,  1966. 

*109a)  *Sympetrum  costiferum  (Hagen).  *Tippecanoe :  pond.  Research  Park,  West 
Lafayette.  Oct.  27,  1966,  BEM,  8ri";  Oct.  28,  1966,  James  Wappes  and  Cary  Kerst,  5$. 
This  species  has  a  tianscontinental  distribution  in  southern  Canada  and  northern 
United  States.  It  has  been  known  previously  in  this  area  only  from  Michigan  and 
Missouri. 

110)  S.  internum  Montgomery.  Tippecanoe:  Research  Park,  West  Lafayette, 
Oct.  3,  1966. 

111)  S.  obtrtisum  (Hagen).  *Wayne :  swamp  and  pond,  Washington  Twp.,  Sept. 
21.  1968. 

112)  S.  rubicundulum  (Say).  *Hamilton  :  July  14,  1950,  Max  Kingsolver.  *Union : 
lake,  Whitewater  State  Park,  Aug.  26,  1966.  *Wayne:  swamp  and  pond,  Washington 
Twp.,  Sept.  21,  1968. 

113)  S.  semicinctum  (Say).  *St.  Joseph:  cattail  swampy  area,  roadside,  near 
Lakeville,    July    29,    1966.    *White:    roadside,    north    of    Monon,    July    22,    1958. 

114)  S.  vicinum  (Hagen).  *Clay :  mine  pits,  Ashboro,  Sept.  7,  1968.  *Dubois : 
Farm  ponds,  P.  U.  Forage  Farm,  July  10-Sept.  7,  1966-67.  (July  specimens  teneral). 
♦LaPorte:  LaPorte,  Sept.  23,  1959,  L.  Chandler.  *  Porter:  Billington  Lake,  Aug.  8, 
19671 ;  Morgan  Lake,  Aug.  9,  19671. 

115)  Pachydiplax  longipeymis  (Burmeister).  *Hamilton  :  July  4  &  25,  1949,  Max 
Kingsolver.  *Union :  pond,  5  miles  southeast  of  Liberty,  Aug.  5,  1959 ;  lake,  White- 
water State  Park,  Aug.  26,  1966. 

117)  Leucorrhinia  Intacta  (Hagen).  Lagrange:  Beaver  Dam  Lake,  June  13, 
19671.  Steuben  :  Trailing  Lake,  Winghaven,  June  8,  19671. 

121)  Pantala  flavescens  (Fabricius).  *  Wayne:  Richmond,  Oct.  1,  19572.  Naiads 
of  all  sizes  of  this  and  the  following  species  were  collected  in  great  numbers  from  the 
reflecting  pool  at  the  State  Office  Building  in  Indianapolis,  during  the  summers  of 
1963-1965.  It  has  been  found  impossible  to  date  to  separate  naiads,  or  exuvia,  except 
the  last  instar  of  the  two  species,  as  the  "key"  characters  (number  of  labial  spines — palpal 
and  premental)  increase  in  number  during  development.  Naiads  of  the  later  instars 
cannot  be  separated  into  instars  on  size,  and  it  has  not  been  determined  how  the 
number  of  spines  varies  between  instars  of  the  same  species  and  between  the  two 
species  before  the  final  instar.  Attempts  were  made  to  "rear"  naiads  at  temperatures 
from  60°  to  90°  F.  No  development  occurred  in  naiads  of  any  age  and  none  lived 
more  than  a  few  days  at  60°  or  65°  F.  These  species  would  appear  to  be  summer 
residents  only  of  this  area ;  adults  fly  in  from  the  south,  oviposit  (to  a  considerable 
extent  in  temporary  bodies  of  water)  and  the  naiads  develop  very  rapidly  so  that 
there  may  be  two  or  three  generations  each  season.  The  flight  season  in  Indiana 
extends  from  April  to  October  (11). 

122)  P.    hymenaea    (Say).    *Dubois :    ponds,    P.    U.    Forage    Farm,    July    12,    1967. 

123)  Tramea    Carolina     (Linne).    *Wayne:    Richmond,    Aug.     11,    1967,     Whitaker-. 

124)  T.  lacerata  Hagen.  *Dubois :  ponds,  P.  U.  Forage  Farm,  July  9  to  Sept.  7 
(1965-1967). 

125)  T.    onusta    Hagen.    *Dubois :    pond,    P.    U.    Forage    Farm,    July    9,    1965. 


1  Records    from    collections    made    by    Martin    Heatherington    during    the    survey    of 
"primitive  areas"  in  1967(7). 

2  Records  from  specimens  in  the  Earlham  College  Collection, 
ton  Twp.,  Sept.  2,  1967,  J.  W.  Hart-. 
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Nest  Site  Preference  of  Chalybion  zimmermanni  Dahlbom 
(Hymenoptera,  Sphecidae) 

Gertrude  L.  Ward 

Joseph  Moore  Museum 

Earlham  College,  Richmond,  Indiana  47374 

Abstract 

A  total  of  198  nests  of  Chalybion  zimmermanni  Dahlbom  from  Indiana  and 
Kentucky  was  examined  and  separated  on  the  basis  of  the  material  in  which  each 
nest  had  been  made.  A  distinct  preference  for  nesting  in  pre-existing  holes  in  wood 
was  found,  with  158  (80%)  nests  in  this  situation.  There  were  30  (15%)  nests  in 
deserted  cells  of  Sceliphron  caementarium  (Drury)  ;  8  (4%)  in  metal  cavities,  and 
2  (1%)  in  deserted  cells  of  Trypargilum  politum  (Say).  Nests  of  C.  zimmermanni 
are   reported   from    16    additional   counties    in    Indiana   and   from   5    counties   in    Kentucky. 

The  first  report  of  the  occurrence  of  the  wasp  Chalybion  zimmer- 
manni Dahlbom  (Hymenoptera,  Sphecidae)  in  7  counties  of  Indiana 
(2)  indicated  that  it  nested  in  pre-existing  holes  in  wood  and  in  the 
deserted  mud  cells  of  Sceliphron  caementarium  (Drury).  Rau  (1)  re- 
ported that  in  Mexico  this  wasp  commonly  nested  in  deserted  mud 
cells  of  Sceliphron  assimilis  (Dahlbom).  If  the  habit  of  using  S. 
caementarium,  nests  were  common,  conflict  could  arise  between  C. 
zimmermanni  and  a  related  species,  the  more  common  blue  wasp 
Chalybion  calif  ornicum  (Saussure),  which  nearly  always  nests  in  these 
deserted  mud  cells. 

In  1970,  C.  zimmermayini  was  found  in  16  additional  Indiana  coun- 
ties, as  follows:  Bartholomew,  Daviess,  DuBois,  Franklin,  Gibson, 
Greene,  Knox,  Lawrence,  Martin,  Monroe,  Orange,  Posey,  Spencer, 
Union,  Warrick  and  Washington.  The  23  counties  where  this  wasp  has 
been  found  form  a  belt  extending  diagonally  from  east  to  west  across 
the  southern  boundary  of  the  state,  and  reaching  approximately  75 
miles  north  of  the  Ohio  River.  It  is  presumed  that  the  river  formed  a 
temporary  barrier  to  the  northward  extension  of  this  primarily  southern 
wasp.  A  total  of  117  nests  was  found  in  these  23  counties,  with  an 
average  of  5.1  nests  per  site  (Table  1). 

Table  1.     Summary  of  nest  sites  of  Chalybion  zimmermanni  Dahlbom 
found  in  1969  and  1970. 


Indiana  (23)1 
Kentucky  (5) 
Totals 


Nest  Location 


Sceliphron                      Trypargilum 

caementarium                       politum 

Average 

Wood 

cells               Metal           cells 

nests 

No.  (%) 

No.   (%)       No.  (%)      No.   (%)        Total 

per  site 

78(67) 
80(99) 
158(80) 


29(24) 

KD 
30(15) 


8(7) 
0(0) 
8(4) 


2(2) 
0(0) 
2(1) 


117 

81 
1!»S 


5.1 
16.2 


1  Indicates  number  of  counties. 
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A  one-day  search  in  5  counties  of  northern  Kentucky  yielded  a 
higher  average  count  of  nests  than  had  been  found  in  Indiana.  This 
probably  indicates  a  longer  history  of  nesting  in  that  region.  The  5 
counties  are  Bracken,  Boone,  Campbell,  Grant  and  Pendleton.  A  total 
of  81  nests  was  found.  The  average  number  of  nests  per  site  was  16.2 
(Table  1). 

An  equal  amount  of  searching-  gave  negative  results  in  the  follow- 
ing- 7  Indiana  counties:  Decatur,  Delaware,  Henry,  Randolph,  Rush, 
Sullivan,  and  Tipton. 

To  obtain  a  fair  sample  of  nest  sites,  observations  were  made  in 
late  spring  and  summer  of  1970  to  supplement  those  made  in  1969. 
Judging  by  the  wasp's  activities  in  1968  and  1969,  the  preferred  nest 
sites  were  in  sheltered  places  in  old  buildings  where  there  was  little 
disturbance  by  humans.  There  were  wooden  beams  containing  holes, 
sometimes  made  by  burrowing  beetle  larvae,  and  a  source  of  dry  mud. 
The  mud  is  used  by  the  adult  female  wasp  to  plug  the  far  end  of  the 
burrow,  and  to  make  a  countersunk  plug  at  the  outer  end  of  the 
completed  nest.  This  mud  commonly  comes  from  old  cells  of  S.  caemen- 
tarium or  T.  politum  (2).  The  female  C.  zimmermanni  carries  water 
to  moisten  the  dry  mud  to  the  proper  consistency  for  transporting 
it  back  to  her  nest,  often  a  distance  of  several  feet. 

A  search  was  made  for  suitable  old  barns  or  sheds.  When  such  a 
building  was  found,  the  interior  was  examined  for  the  typical  white 
uric  acid  plug  with  which  the  wasp  closes  her  nest  hole  (2).  Each 
building  was  searched  for  a  total  number  of  nests.  Only  one  nest 
location  was  examined  per  county. 

In  1969,  4  of  the  white-plugged  nests  were  found  in  a  deserted  mud 
cell  cluster  of  S.  caementarium,  so  these  nests  were  also   sought. 

From  the  23  counties  in  Indiana,  67%  of  the  nests  were  found  in 
holes  in  wood;  24%  in  old  S.  caementarium  cells;  7%  in  metal  cavities, 
and  2%  in  old  T.  politum  cells  (Table  1).  In  Kentucky,  99%  were  in 
wood,  and  1%  in  old  5.  caementarium  cells. 

The  nests  in  metal  were  in  the  receptacles  for  cable  electrodes 
in  a  welding  machine  on  the  James  Clampitt  farm  in  Lawrence  County. 
These  holes  were  approximately  the  diameter  of  S.  caementarium  cells 
and  about  3  cm  deep.  The  machine  was  used  by  the  owner  before 
the  wasps  emerged,  and  he  cleaned  out  all  but  one  of  the  cavities. 
This  one  contained  a  pupal  case,  and  within  it,  a  dead  late  larva  on 
10  July  1970. 

Mention  should  be  made  of  inadvertent  trap  nesting  of  this  wasp 
in  Bartholomew  County,  near  Columbus,  Ind.,  in  a  wooden  workbench 
of  Charles  Ochs.  Several  years  earlier  he  had  bored  10  holes  of 
slightly  different  diameter  to  test  drill  bits.  The  holes  extended  hori- 
zontally into  the  wood  for  about  3  cm.  The  presence  of  the  character- 
istic white  plugging  material  was  noticed  in  8  of  the  holes  on  11 
July  1970  (Fig.  1). 
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Figure    1.     Front   of   workbench    of    C.    Ochs   near   Columbus,    Bartholometv    County,    Ind., 
showing  8  drill  holes  filled  by  Chalybion  zimmermanni  Dahlbom.    Photographed  k  August 

1970. 
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The  Corn  Rootworm  Problem  in  Indiana1 
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Abstract 

A  new  pest  to  Indiana  corn,  the  western  corn  rootworm  {Diabrotica  vergifera 
LeConte)  was  found  in  37  fields  in  9  counties  in  1970.  This  invasion  of  the  north- 
western counties  is  a  continuation  of  a  10-year  eastern  migration  from  the  Nebraska 
area.  The  northern  corn  rootworm  (D.  longicornis  (Say)),  present  in  Indiana  for 
100  years  or  more,  continued  to  cause  some  injury  and  has  required  insecticide  treat- 
ments when  corn  was  grown  on  the  same  land  for  3  or  more  years.  The  first  re- 
sistance to  the  cyclodiene  insecticides  was  found  in  1969  near  Earl  Park.  In  1970 
this  beetle  population  was  highly  resistant  as  were  western  beetles  collected  in 
Porter  and  LaPorte  counties.  The  life  cycle  of  the  two  species  was  the  same :  eggs 
laid  in  the  soil  in  corn  fields  in  August  and  early  September,  eggs  hatched  the 
following  June  and  July,  and  the  larvae  fed  on  corn  roots  in  June,  July  and  early 
August.  Damage  consisted  of  destruction  of  roots  by  feeding  and  tunnelling  and  often 
the  subsequent  lodging  of  corn  plants.  Two  insecticides  applied  in  the  soil,  aldrin  and 
heptachlor,  gave  good  protection  from  the  normal  northern  larvae,  but  the  resistant 
forms   required   the   use   of    insecticides    in    the   organophosphate    and    carbamate   groups. 

Introduction 

The  northern  corn  rootworm,  Diabrotica  longicornis  (Say),  has  been 
a  major  corn  pest  in  Indiana  for  many  years.  In  1970  two  develop- 
ments in  the  rootworm  situation  suggest  additional  problems  for  the 
farmer  in  the  future:  first,  resistance  of  the  northern  rootworm  to 
the  commonly  used  cyclodiene  insecticides,  and,  second,  the  finding 
of  well-established  infestations  of  the  western  corn  rootworm,  D. 
vergifera  Leconte, 

The  northern  rootworm  species  has  been  a  pest  of  corn  since 
the  days  of  the  early  settlers.  Losses  to  the  Indiana  crop  have  been 
minor  and  have  been  avoided  by  crop  rotation.  However,  in  recent 
years  many  farmers  have  changed  to  a  continuous  corn  program 
and  thus  have  had  to  use  a  soil  insecticide  to  control  the  larvae.  Two 
common  insecticides,  aldrin  and  heptachlor  used  either  over  the  row 
at  planting  time  or  broadcast  before  planting,  have  given  adequate 
control  until  this  year.  Resistance  to  these  materials  was  reported 
in  Ohio  and  the  corn-producing  states  west  of  Indiana  as  early  as 
1962  (1,  2,  5). 

The  western  species  is  a  native  of  the  Colorado-New  Mexico  area 
and  did  not  become  common  in  southern  Nebraska  and  northern  Kansas 
until  the  late  1940's  (10).  Distribution  and  populations  increased  in 
Nebraska  in  the  1950's  and  often  the  western  form  became  the  pre- 
dominant species  in  corn  fields.  Resistance  to  the  cyclodiene  insecticide 
was  noted  in  several  states  as  early  as  1962  (6).  From  Nebraska  this 
insect  moved  north  into    South   Dakota,  east  into   Iowa,   and   southeast 


1  Journal    Paper   No.    4277,    Purdue   University   Agricultural   Experiment   Station. 
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into  Missouri.  In  1964  the  first  beetles  were  found  in  northwestern 
Illinois  and  four  years  later  13  counties  had  destructive  populations 
(11).  In  Indiana  a  single  beetle  was  found  in  1968  near  Foresman  in 
Newton  County.  In  1969  five  more  were  found  in  the  same  vicinity. 
The  present  distribution  of  the  western  species  includes  all  corn 
growing  areas  of  Colorado,  Nebraska,  South  Dakota  and  Iowa,  most 
of  Kansas,  the  northwestern  third  of  Missouri,  southern  Minnesota 
and  Wisconsin,  47  counties  in  Illinois  north  of  a  line  from  Quincy  to 
Champaign  (11),  and  Newton  County,  Indiana. 

In  our  1968  and  1969  search  for  the  western  corn  rootworm  the 
counties  along  the  western  border  were  surveyed:  Lake,  Newton, 
Benton,  Warren  and  Vermillion  plus  Tippecanoe,  Montgomery  and 
Jasper.  The  discovery  in  early  August,  1970,  of  a  mating  pair  in 
LaPorte  County  confirmed  that  an  infestation  occurred  east  of  the 
border  counties.  Surveys  soon  found  one  or  more  beetles  in  numerous 
fields  in  9  counties.  The  final  count  for  August  and  early  September 
was  9  fields  in  Lake  County,  5  in  Newton,  13  in  Porter,  5  in  LaPorte, 
and  1  each  in  Starke,  Marshall,  Fulton,  Jasper  and  Koscuisko  (Fig.  1). 
One  field  in  LaPorte  and  2  fields  in  Porter  Counties  showed  high 
populations.  This  survey  covered  over  500  fields  in  22  northwestern 
Indiana  counties,  while  additional  areas  of  the  state  were  surveyed 
by  Purdue  extension  and  survey  entomologists. 
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Figure    1.     Locations    of    corn    fields    where    western    corn    rootworm    adults    were    found 

in     1968,     1969    and    1970.    At     the    southernmost    location    in    Newton    County    a    single 

beetle  was  caught  in  1908  and  in  the  adjacent  field  5  were  found  in  1969. 


Methods 

Eggs    of    the    rootworm    are    laid    in    the    soil    in    late    August    and 
early    September.     To    determine    field    egg    populations,    soil    was    dug 
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in  old  corn  fields  in  the  fall  and  spring-  and  was  brought  to  the  labora- 
tory for  examination.  A  standard  sample  was  a  pint  taken  with  a  4-inch 
hole  cutter  to  a  depth  of  6  inches.  The  usual  procedure  (7)  was  to 
take  samples  from  5  rows,  combine  them  and  mix  on  a  plastic  sheet. 
From  this,  1  or  2  pints  were  taken  to  the  laboratory  for  washing. 
Normally  5  locations  were  selected  and  sampled  from  each  field.  The 
soil  washing  machine  has  two  revolving  screens,  one  above  the  other, 
with  four  jets  of  water  spraying  down  on  each.  The  fine  soil  particles 
were  washed  through  both  screens,  while  the  top  screen  retained  the 
larger  particles  and  plant  debris  and  the  lower  screen  retained  the 
egg's  and  some  plant  debris.  The  material  on  the  lower  screen  was 
washed  with  water  into  a  quart  jar  and  allowed  to  stand  a  few  minutes. 
Then  the  floating-  material  was  poured  off  and  magnesium  sulfate  added 
to  the  remaining-  water  to  make  a  saturated  solution.  At  this  point, 
the  egg-s  floated  to  the  surface  and  were  poured  off  with  water  onto 
a  black  cloth.  This  cloth  had  straight  lines  of  string*  sewn  across 
it  and  was  held  taut  in  a  6-inch  embroidery  loop.  The  cloth  was 
allowed  to  dry  and  the  material  on  it  was  then  examined  under  a 
microscope  to  determine  the  number  of  eg*gs. 

Several  methods  were  used  to  determine  larval  populations  and 
damage  to  corn  roots.  The  usual  procedure  was  to  dig1  around  a  corn 
plant  in  a  10-inch  circle  and  take  up  the  soil  and  roots  to  a  depth  of 
6  inches.  The  loose  soil  from  the  hole  and  that  beaten  from  the  roots 
was  placed  in  a  plastic  sheet  and  examined  in  the  field.  By  this  method 
we  found  most  2nd  and  3rd  instar  larvae,  pupae  and  newly  emerged 
beetles,  but  failed  to  recover  the  small  1st  instar  larvae.  In  the 
last  3  years  the  soil  was  examined  as  above  and  then  the  corn  roots 
were  placed  on  hardware  cloth  over  a  half  inch  of  water  in  a  bucket 
and  allowed  to  dry  24  to  48  hours.  The  small  larvae  left  the  roots 
and  dropped  to  the  water. 

For  an  evaluation  of  root  damag-e  plants  were  dug  as  above  and 
the  roots  washed  to  remove  all  soil.  The  roots  were  then  examined 
and  damage  rated — the  rating  system  was  1  for  little  or  no  damage 
up  to  6  for  serious  destruction  of  roots.  Another  method  of  evaluating 
root  damage  was  also  used.  This  involved  measuring  the  root  strength 
of  corn  plants  by  a  method  described  by  Ortman  et  al.  (8).  A  dynamo- 
meter was  used  to  record  the  force  required  to  vertically  lift  the 
plant  from  the  soil.  In  our  studies  on  corn  varieties,  3  or  more  plants 
were  pulled  per  replication.  Since  maximum  larval  damage  usually 
had  occurred  by  July  25,  dynamometer  readings  were  made  soon  after 
that  date  and  before  new  roots  developed. 

Beetle  emergence  around  a  single  corn  plant  also  gave  an  accurate 
estimate  of  the  larval  population.  For  this  purpose  trap  cages  were 
made  of  galvanized  iron  4  inches  wide  and  long  enough  to  give  a  metal 
band  12  inches  in  diameter.  This  metal  band  was  shoved  into  the 
soil  around  the  base  of  the  corn  plant  and  was  covered  with  saran 
screening.  Cages  were  in  place  by  July  15  and  remained  there  until 
early  September.  Beetles  emerging  from  the  soil  were  removed  every 
3  or  4  days. 
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Adult  beetle  surveys  were  used  to  establish  population  estimates 
for  the  season.  The  method  was  to  count  beetles  seen  on  silks  on  10 
plants  down  a  row  and  repeat  in  4  other  locations  in  the  field.  These 
counts  were  not  too  accurate,  as  beetles  flew  readily,  especially  if  the 
plant  was  disturbed.  In  addition,  no  records  were  available  on  the 
previous  cropping  history  and  on  previous  insecticide  applications. 

For  an  evaluation  of  larval  damage,  especially  on  insecticide  plots, 
a  count  of  lodged  plants  was  made  in  late  August  or  early  September. 
In  this  procedure  100  plants  in  5  field  locations  were  examined  for 
lodging.  A  plant  was  considered  lodged  when  it  was  more  than  30° 
from  perpendicular.  A  second  criterion  of  much  interest  to  farmers 
was  the  harvest  yield  from  the  different  plots.  Yields  in  bushels 
per  acre  were  obtained  by  standard  agronomic  methods — picking  ears 
from  a  known  area,  weighing  them,  testing  for  moisture,  and  converting 
pounds  to  bushels. 

Biology 

Observations  on  the  biology  of  the  northern  corn  rootworm  were 
made  in  the  vicinity  of  Lafayette.  Female  beetles  laid  their  eggs  in 
late  August  and  early  September  in  the  soil  of  the  corn  field.  These 
eggs  hatched  the  following  June  and  early  July;  larval  development 
occurred  from  June  through  July  and  into  early  August;  pupal  de- 
velopment required  6  to  8  days;  and  new  beetles  remained  in  the 
soil  4  to  6  days  before  emergence.  This  emergence  period  was  usuany 
completed  by  the  end  of  August,  but  in  the  1967  soil  cages,  157c 
of  beetles  emerged  after  September  1.  The  period  from  egg  hatch  xv 
beetle  emergence  from  the  soil  ranged  from  60  to  70  days.  Workers 
in  other  states  (6,  9)  found  that  the  western  and  northern  species 
had  a  similar  life  cycle,  although  the  stages  of  the  western  appear 
a  few  days  earlier  than  the  northern. 

Egg  laying  started  around  August  15,  reached  a  peak  by  Sep- 
tember 1,  and  declined  rapidly  after  that.  The  female  preferred  to 
lay  eggs  in  the  old  corn  row,  as  indicated  by  our  sampling  at  various 
distances  from  the  row.  An  average  of  21  eggs  per  pint  sample 
was  found  in  the  row,  2.5  eggs  5  inches  from  the  row,  3  eggs  10  inches 
from  the  row,  and  0.3  eggs  20  inches  from  the  row.  The  depth  of  egg 
deposition  varied  with  the  soil  type  and  compaction,  moisture  and 
possible  soil  cracks.  In  a  series  of  observations,  soil  was  removed 
in  2-inch  layers  with  a  soil  cutter.  In  the  25  samples  examined  from 
3  farms,  the  top  2  inches  had  an  average  of  52  eggs  per  pint,  the 
2-4  inch  layer  had  11,  and  the  4-6  inch  layer  had  1.6.  Plowing  drastically 
changed  the  location  and  depth  of  eggs,  as  for  example  in  two  fields 
the  top  2  inches  had  an  average  of  1.5  eggs  per  pint,  the  middle  2 
inches  5.3,  and  the  bottom  2  inches  2.0.  Since  most  eggs  in  unplowed 
fields  were  in  the  top  3  inches,  soil  samples  to  this  depth  were  standard 
in  1968,  1969,  and  1970. 

A  sequential  life  history  study  was  initiated  in  1966  in  conjunction 
with  several  midwest  states.  Population  counts  of  eggs  in  the  fall  and 
in  the  spring,  larvae  in  July,  and  adults  in  August  were  made  in  the 
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same  5  untreated  fields  for  2  years.  No  consistency  could  be  noted 
in  the  spring-  egg-  count  and  that  of  subsequent  populations  of  larvae, 
adults  and  fall  eggs  in  either  of  the  2  years.  We  did  find  another 
field  in  the  summer  of  1967  that  had  a  high  larval  count  of  40  per 
plant.  This  was  followed  by  27  eggs  per  pint  in  the  fall  count,  22 
in  the  spring  of  1968  count,  and  22  in  the  July  larval  count. 

In  checking  the  larval  development,  the  small  size  of  the  first 
instar  made  them  extremely  difficult  to  find.  Our  earliest  record  for 
the  Lafayette  area  was  one  found  on  June  7  in  the  soil  washing  pro- 
cedure. By  June  20,  larvae  were  larger  and  could  be  found  with  more 
ease.  Field  counts  to  establish  larval  population  levels  were  made  in 
the  period  from  July  12  to  30,  although  life  history  studies  plants 
were  dug  from  late  June  to  August  20  (Fig.  2).  George  and  Hintz 
(3),  in  laboratory  studies,  found  that  rootworms  required  a  65-day 
developmental  period  at  20 °C  from  hatch  to  adult  emergence.  First 
instar  larvae  were  found  as  late  as  August  20,  while  new  beetles 
were  present  in  fields  around  Lafayette  as  early  as  July  17. 


May 


Figure    2.     Life    cycle    chart    of    the    northern    com    root  worm    at    Lafayette.    The    peaks 
indicate  the  greatest  abundance  of  each  stage. 


Larval  feeding  was  confined  to  corn  roots  where  they  fed  on  the 
small  roots  and  often  tunnelled  into  the  larger  ones.  The  normal 
Indiana  populations  were  marginal  in  so  far  as  larval  feeding  reduced 
corn  yields.  The  highest  numbers  of  larvae  observed  were  in  the 
Wettschurack  field  in  1967  where  the  average  population  was  40 
and  roots  so  destroyed  that  corn  plants  could  be  pulled  from  the  soil 
with  two  fingers.  The  average  larval  populations  in  all  observations 
were  2.4  per  plant  in  1965,  3.8  in  1966,  10.1  in  1967,  22.0  in  1968,  3.5 
in  1969  and  2.3  in  1970.  Peters  (9)  in  Iowa  considered  a  population 
of  10  per  plant  as  the  minimum  number  for  economic  losses. 
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Larval  development  required  40  to  55  days.  At  maturity  the 
larva  formed  a  cell  in  the  soil  and  changed  into  a  pupa.  It  remained 
in  this  cell  for  4  to  8  days  before  changing  into  the  beetle.  Most 
pupae  were  found  in  the  upper  2  inches  of  soil,  usually  in  the  vicinity 
of  the  roots.  The  beetle  remained  in  the  cell  for  3  to  6  days  before 
emerging  (Table  1). 


Table    1.     Percentages    of    the    various    stages    of    the    northern    corn    rootworm    found 
around  com  roots  on  various  dates,  1967-1970. 


Larval  instars 

Pupa 

Date 

1st 

2nd 

3rd 

Adult1 

July    8 

40 

29 

27 

3 

1 

12 

45 

30 

20 

2 

1 

16 

22 

28 

40 

8 

2 

•2(1 

15 

22 

46 

15 

2 

24 

11 

16 

38 

25 

10 

30 

5 

9 

28 

29 

29 

Aug.   6 

8 

16 

16 

18 

42 

12 

~ 

7 

12 

28 

53 

1  Adjusted  for  prior  beetle  emergence 

The  first  beetles  were  observed  in  the  field  in  the  Lafayette  vi- 
cinity from  July  15  to  17.  Their  food  consisted  of  pollen  and  silks 
of  the  corn  plant.  Later  as  these  food  sources  dried  up,  beetles  mi- 
grated to  greener  corn  fields  or  to  flowering  plants,  both  cultivated 
and  uncultivated.  The  male  beetle  normally  emerged  first.  For  ex- 
ample, in  1969  the  50%  emergence  figure  for  males  was  reached  on 
August  6,  and  that  for  females  on  August  15.  Beetle  populations 
diminished  sharply  after  September  10,  although  a  few  were  observed  on 
flowering  plants  in  October. 

In  recent  years  many  complaints  were  received  of  high  beetle 
or  larval  populations  in  first  year  corn.  In  1969  two  fields  of  first 
year  corn  on  the  Shelby  farm  were  checked  on  August  1  and  had 
an  average  of  3  beetles  per  ear.  To  confirm  the  presence  of  developing 
forms  in  this  soil,  plants  were  dug  August  10  and  1  larva,  5  pupae 
and  1  newly  emerged  beetle  were  found.  On  August  18  emergence 
cages  were  placed  around  6  plants  and  upon  removal  10  days  later 
3  beetles  had  emerged.  The  cropping  history  of  these  two  fields 
was  corn  in  1967  and  1969  and  soybeans  in  1968,  while  the  adjacent 
two  fields  had  soybeans  in  1967  and  1969  and  corn  in  1968. 

Little  is  known  of  the  biology  of  the  western  corn  rootworm 
under  Indiana  conditions,  as  beetles  were  not  found  in  numbers  until 
August  of  1970.  Beetles  were  more  difficult  to  catch  than  the  northern 
form,  as  they  had  a  tendency  to  fly  as  soon  as  disturbed.  When  the 
exposed  silks  turned  brown  in  late  August,  we  were  able  to  attract 
beetles  by  pulling  back  the  husks  to  expose  new  silks.  Peters  (9) 
in  Iowa  reported  that  the  western  beetle  is  a  strong  flyer  and  voracious 
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feeder    on    silks    and    leaves.     Also    the    eggs    hatched    earlier    and    the 
larvae  matured  earlier  than  those  of  the  northern  form. 

Resistance  Studies 

The  methods  used  for  establishing  LD50  values  in  1970  were  the 
same  as  in  preceding  studies  (4).  Northern  beetles  from  untreated 
fields  in  1966,  1967  and  1969  had  an  ld50  for  aldrin  of  about  0.070 
ug  per  beetle.  Beetles  from  fields  treated  3  to  5  years  had  an  ld.-,,, 
of  around  0.085,  and  from  the  Umholts  field,  treated  12  of  the  past 
15  years,  a  figure  of  0.162  was  obtained. 

The  1970  topical  application  tests  were  run  by  Mr.  Gary  Finni  and 
included  some  fields  used  in  preceding  years.  A  total  of  over  6,000 
northern  and  3,600  western  beetles  were  used.  The  ld,0  figure  for 
beetles  from  untreated  fields  was  again  0.070  ug.  A  group  of  five 
fields  with  a  history  of  some  aldrin  usage  had  a  figure  of  0.157.  A 
field  at  the  Throckmorton  farm  used  for  biological  studies  had  re- 
ceived no  insecticide  treatment,  but  adjacent  fields  had  been  treated 
for  3  or  4  years.  The  ld,o  for  the  beetles  from  the  biological  area 
was  0.083  in  1969  and  0.22  in  1970.  A  Benton  County  farmer  com- 
plained of  poor  control  in  1968.  The  history  of  treatments  in  this 
large  field  was  the  use  of  a  cyclodiene  insecticide  for  11  of  the 
preceding  14  years.  He  treated  again  in  1969  and  used  2.8  lbs  of  actual 
aldrin  per  acre.  Results  were  poor  and  so  aldrin  again  was  used  in 
1970' — a  total  of  13  treatments  in  the  last  16  years.  Beetles  collected 
for  topical  tests  in  1969  had  an  LD5o  of  0.162  ug  or  about  double  that 
of  untreated  fields.  The  figure  for  1970  jumped  to  29.2  ug  or  about  a  180- 
fold  increase. 

For  these  tests,  western  beetles  were  collected  in  one  LaPorte 
County  field  and  two  Porter  County  fields.  Of  these,  one  had  a  history 
of  6  or  7  years  of  aldrin  treatment,  one  had  no  treatment,  and  the 
history  of  the  third  was  unknown.  The  LDS0  for  all  western  beetles 
was  120.0  ug  or  about  1,700  times  more  aldrin  than  for  northern 
beetles  from  untreated  fields. 

With  the  coming  of  the  western  corn  rootworm  in  Indiana  and 
the  development  of  cyclodiene  resistance  in  the  northern  form,  root- 
worms  should  become  a  more  important  problem  to  the  corn  crop 
than  they  have  been  in  the  past.  The  western  species  is  highly  re- 
sistant to  aldrin  and  heptachlor  as  it  enters  the  State,  while  pockets 
of  resistance  in  the  northern  species,  such  as  in  the  Benton  County 
field,  will  undoubtedly  develop  in  other  areas. 
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Abstract 

Of  22  sites  studied  in  July  and  August,  1970,  14  were  producing  mosquitoes. 
These  populations  were  usually  very  large,  with  some  lagoons  producing  an  estimated 
several  million  mosquitoes  at  one  time.  Most  of  the  positive  sites  were  food  processing 
plants.    None    of    the    five    sewage    lagoons    observed    were    producing    mosquitoes. 

Although  Culex  restuans,  Culex  salinarius,  Aedes  vexans.  Anopheles  punctipennis, 
Anopheles  quadrimaculatus,  and  Culex  tarsalis  were  sometimes  collected,  Culex  pipiens 
was  consistently  the  dominant  species.  Eleven  lagoons  produced  only  Culex  pipiens.  Ap- 
parently little  or  no  decrease  in  production  potential  of  C.  pipiens  accompanied  such 
environmental    changes   as   water   level    fluctuation    and   the   nature   of    the   waste    itself. 

Observation  of  conditions  at  many  lagoons  in  the  study  area  suggested  that 
mosquito  production  may  be  reduced  by  periodic  removal  of  accumulations  of  solid 
wastes  on  the  surfaces  and  bottoms  of  the  lagoons,  and  by  the  removal  of  all 
emergent  and  shore  vegetation. 

After  early  observations  verified  that  waste  lagoons  were  produc- 
tion sites  for  mosquitoes,  three  study  objectives  were  established, 
to  determine  the  following:  1)  the  species  composition  of  mosquito 
populations  at  these  lagoons;  2)  the  relative  abundance  of  different 
species  throughout  the  study  interval;  and  3)  to  observe  physical 
and  ecological  characteristics  of  the  lagoons  to  determine  the  in- 
fluence of  these  factors  on  the  extent  of  species  utilization. 

A  procedure  for  surveying  mosquito  populations  at  waste  lagoons 
was  also  developed,  though  a  description  of  this  aspect  of  the  study 
was  considered  to  be  beyond  the  scope  of  this  paper. 

Method  of  Investigation 

Lagoons  were  located  through  local  sanitarians  and  from  a  list 
of  sites  in  the  Indiana  Stream  Pollution  Control  Board  Annual  Report 
of  June  30,  1969 — Part  2.  Each  lagoon  near  the  laboratory  was  then 
investigated  to  determine  whether  a  mosquito  problem  existed  at 
the  site.  These  initial  surveys  helped  in  developing  a  survey  procedure 
and  a  preliminary  survey  data  form. 

Following  the  initial  surveys,  those  lagoons  known  to  be  mosquito 
producers  were  revisited  (usually  on  a  weekly  or  bi-weekly  basis)  to 
observe  changes  in  the  size  and  composition  of  the  resident  mosquito 
populations,  and  to  note  the  sometimes  drastic  changes  in  the  lagoons 


1  This    investigation     was    supported    in     part    by    a    grant    from     the    Indiana     State 
Board  of  Health,  funded  by  PL  89-749,  Section  314   (d). 

275 


276  Indiana  Academy  of  Science 

themselves.     In   addition    to    such    in-depth    observations,    new    lagoons 
were  given  preliminary  surveys  throughout  the  study  interval. 

At  each  lagoon,  physical  factors  such  as  water  temperature, 
lagoon  dimensions,  and  types  of  aquatic  and  shore  vegetation  present 
were  recorded.  Dissolved  oxygen  (in  ppm)  was  measured  by  the 
Winkler  Method,  in  the  hope  that  D.O.  information  would  indicate 
whether  fish  predatory  on  mosquito  larvae  could  survive  waste  lagoon 
conditions.  If  immature  mosquitoes  were  present,  the  lagoon  was 
quantified  in  the  following  manner:  a  long-handled  pint  dipper  was 
used  in  obtaining  water  samples  from  representative  points  along 
the  periphery  of  the  lagoon.  The  immature  mosquitoes  present  in 
each  dipper  were  counted  and  retained  for  identification.  By  dividing 
the  total  number  of  immature  mosquitoes  collected  by  the  number 
of  dips  taken,  an  average  number  of  mosquitoes  per  dip  was  calculated. 
Then,  by  considering  the  surface  area  of  the  lagoon,  the  volume 
of  water  in  an  average  dip,  and  by  assuming  that  the  lagoon  was 
utilized  by  larvae  and  pupae  to  a  depth  of  6  inches,  an  estimated 
total  number  of  immature  mosquitoes  was  determined. 

Egg  rafts  of  the  genus  Culex  were  collected  and  quantified  in 
a  similar  manner  as  were  larvae  and  pupae.  Calculations  involved 
in  determining  the  total  number  of  egg  rafts  present  were  based  on 
the  area,  and  not  the  volume  of  water  utilized,  since,  unlike  larvae  and 
pupae,  egg  rafts  were  found  only  on  the  surface  of  the  water. 

In  addition  to  immature  mosquitoes,  adult  mosquitoes  were  also 
collected  at  those  lagoons  selected  for  special  study,  using  the  CDC 
light  trap  and  dry  ice  (C02).  At  least  one  adult  collection  was  made 
at  each  major  site,  with  a  trap  being  set  at  one  site  each  week.  Light 
trap  collections  undoubtedly  contained  migrants  from  sources  other 
than  the  lagoons,  but  it  seemed  desirable  to  assess  the  attractiveness 
of  the  lagoons,  as  well  as  their  production  potential.  Thus,  when  pos- 
sible, all  life  stages  of  a  lagoon's  mosquito  population  were  collected. 

Both  larvae  and  adults  were  identified  to  species.  Pupae  were 
allowed  to  develop  and  were  identified  as  adults,  as  were  individual 
larvae  which  were  difficult  to  reliably  identify.  While  no  identification 
key  was  available  for  the  Culex  egg  rafts,  some  rafts  were  identified 
by  allowing  them  to  hatch  and  then  identifying  them  as  larvae.  All 
rafts  so  identified  were  Culex  pipiens. 

Results 

During  the  course  of  the  study  22  sites  were  surveyed,  14  of 
which  possessed  lagoons  inhabited  by  mosquitoes.  Of  the  14  mos- 
quito-producing sites,  6  were  surveyed  more  than  once  (2  to  5  sep- 
arate surveys).  The  first  survey  of  the  study  was  made  on  July  7, 
and  the  last  on  September  12. 

When  positive  for  mosquitoes,  waste  lagoons  frequently  produced 
them  in  large  numbers.  For  example,  Lagoon  7  (Table  1)  had  an 
estimated    total    production    ranging   from    85.7    million    to    765    million 
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immature  mosquitoes,  with  an  average  production  of  367  million 
(181  immatures  per  dip).  Only  three  of  the  lagoons  producing  mos- 
quitoes were  utilized  by  less  than  one  million  individuals. 

Many  lagoons  were  not  exceptionally  large  (typically  about  50 
yards  square),  and  the  high  potential  for  mosquito  production  evidently 
was  a  result  of  intensive  utilization  of  the  lagoon  media  for  mosquito 
development.  The  mosquito-producing  lagoons  studied  were  located 
primarily  at  food  processing  plants  producing  vegetable  wastes.  Most 
related  mosquito  studies  have  been  concerned  with  sewage  lagoons 
only. 

Those  human  waste  lagoons  surveyed  (four  public  school  lagoons 
and  one  mobile  home  park  lagoon)  were  found  to  support  no  mosquito 
populations.  While  the  factors  which  made  them  apparently  incapable 
of  supporting  mosquito  populations  are  unknown,  the  extensive  treat- 
ment given  human  waste — chlorination  for  example — may  be  involved. 
However,  since  the  human  waste  lagoons  were  visited  but  once,  mos- 
quito populations  may  have  been  present  at  other  times  during  the 
year. 

Culex  pipiens,  the  northern  house  mosquito  and  a  vector  of  Saint 
Louis  Encephalitis,  was  the  predominant  waste  lagoon  mosquito  in 
the  study  area.  In  fact,  no  mosquito-producing  lagoon  was  devoid 
of  Culex  pipiens,  which  in  every  lagoon  was  far  more  abundant  than 
any  other  species.  Eleven  lagoons  were  known  to  produce  nothing 
but  Culex  pipiens.  Other  studies  have  also  shown  this  species  to  be 
common  in  waste  lagoon  habitats  (2,  3,  4,  5).  In  addition,  Culex 
restuans,  Culex  salinarius,  Aedes  vexans,  Anopheles  punctipennis, 
Anopheles  quadrimaculatus,  and  Culex  tarsalis  were  also  collected  as 
immature  forms. 

Table  2  shows  that,  while  lagoon  surveys  were  first  begun  during 
the  week  of  July  6,  Culex  pipiens  was  the  only  species  found  in  any 
lagoon  until  August  4.  Diversity  of  species  tended  to  increase  as  the 
season  progressed.  The  lagoon  having  the  greatest  species  diversity 
also  had  the  highest  average  D.O.  reading  (Table  1). 

The  dominance  of  Culex  pipiens  prevailed  in  both  the  adult  and 
larval  stages  (Table  3). 

The  overwhelming  dominance  of  Culex  pipiens  is  an  indication  of 
its  ability  to  exploit  to  the  fullest  the  entire  complex  of  conditions 
commonly  present  at  waste  lagoons,  utilizing  the  resident  bird  popu- 
lation, the  abundant  emergent  and  shore  vegetation,  and  the  high 
organic  content  of  the  water  in  maintaining  large  populations.  Shelter 
for  adults  was  provided  by  tall  vegetation  immediately  surrounding 
the  lagoons,  and  an  accessible  blood  source  was  available  in  the  numerous 
birds  attracted  to  the  lagoons,  providing  females  with  protein  for 
egg  production.  Newly-hatched  larvae  found  shelter  in  the  partially 
submerged  vegetation  often  present,  and  a  food  source  in  the  lagoon 
waste  water,  allowing  many  of  them  to  complete  their  development  to 
adulthood. 
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Table     3.     Species     composition     of     adult     mosquito     collections     at     waste     lagoons     in 

East-Central  Indiana,   1970.    (Numbers  in  the  table  are  projections   based  upon  estimated 

numbers  in  trap  samples  and  species  breakdown  of  sub-samples  identified.) 


July 

Aug. 

Aug. 

Aug. 

Aug. 

Sept. 

Species 

20 

4 

1  1 

18 

25 

12 

Total 

Aedes      trivittatus 

_ 

3 



2 





5 

Aedes     vexans 

2 

L6 

10 

5 

1 

— 

34 

Anopheles    punctipennis 

— 

2 

— 

— 

— 

— 

2 

Culex      erraticus 

— 

1 

— 

— 

— 

— 

1 

Culex     pipiens 

287 

96 

35 

— 

10 

230 

658 

Culex     salinarius 

— 

— 

52 

1 

— 

7 

60 

Culiseta      inornata 

_ 

— 

— 

— 

— 

4 

4 

Psorophora     confinnis 

1 

— 

1 

— 

— 

— 

2 

Partly  because  of  their  great  size,  many  lagoon  mosquito  popula- 
tions tolerated  extreme  changes  in  environmental  conditions,  and  former 
population  levels  were  rapidly  re-established  when  conditions  at  the 
lagoon  were  stabilized.  For  example,  Lagoon  7  underwent  a  drop  in 
water  level  of  about  10  feet  in  1  week,  making  it  very  shallow  and 
reduced  in  area.  The  drop  in  water  level  resulted  in  an  initial  de- 
crease in  the  number  of  Culex  pipiens  larvae  present  (from  340  to 
134  immatures  per  dip),  followed  by  an  increase  in  numbers  as  the 
water  level  was  gradually  raised  again. 

Higher  water  levels  also  resulted  in  the  submergence  of  heavy 
growths  of  weeds  and  grasses  at  most  lagoons,  apparently  enhancing 
the  lagoon  medium  for  mosquito  production  by  providing  shelter  and 
an  additional  food  supply.  Vegetation  overhanging  the  lagoon  edge 
provided  shelter  and  shade  as  well.  Intentional  water  level  fluctuation 
would  be  ineffectual  in  the  control  of  mosquitoes  in  these  lagoons. 

Four  lagoons  at  one  collecting  site  contained  a  chalky-white 
waste  produced  in  the  manufacture  of  insulating  material,  and  super- 
ficially appeared  to  be  incapable  of  supporting  life.  However,  Culex 
pipiens  larvae,  pupae,  and  egg  rafts  were  able  to  thrive  in  the  medium. 
Culex  pipiens  was  capable  of  tolerating  other  water  conditions  ranging 
from  a  relatively  clear  and  clean  state  to  one  in  which  the  waste 
water  was  dark  and  foul-smelling,  a  range  of  water  conditions  some- 
times exhibited  by  a  single  lagoon  during  the  summer.  While  other 
species  of  mosquito  may  also  be  capable  of  tolerating  such  water 
conditions,  evidently  they  were  either  incapable  of  doing  so  as  effec- 
tively as  Culex  pipiens,  or  they  could  simply  not  compete  with  the 
predominant  Culex  pipiens  population  itself,  and  so  were  not  abundant 
in  any  lagoon. 

Fluctuation  in  water  level  was  the  rule,  rather  than  the  exception, 
partly  because  of  the  seasonal  nature  of  the  vegetables  processed  at 
many  collecting  sites.  Some  lagoons  visited  in  early  August  were 
completely  dry,  while  water,  and  possibly  mosquitoes,  might  have 
been  found  later  in  the  season  when  tomato  processing,  for  example, 
was  in  progress. 
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Discussion 


Effective  methods  of  mosquito  control  at  waste  lagoons  in  central 
Indiana  are  not  presently  known.  While  insecticides  would  serve  to 
limit  population  sizes,  a  more  permanent  solution  would  be  to  make 
the  lagoon  itself  unattractive  to  mosquitoes,  possibly  by  completely 
denuding  the  shoreline  and  the  surrounding  area  of  all  vegetation, 
a  procedure  suggested  by  other  studies  (1,  2,  5).  Periodic  removal 
of  heavy  accumulations  of  solid  wastes  on  lagoon  surfaces  and  bot- 
toms might  also  be  helpful,  since  this  would  reduce  the  larval  food 
supply.  Better  still,  installation  of  screens  which  would  prevent  solid 
materials  from  entering  the  lagoon  would  decrease  the  biochemical 
oxygen  demand  and  possibly  provide  conditions  which  would  permit 
survival  of  natural  predators  of  immature  mosquitoes. 

While  it  was  initially  hoped  that  fish  predatory  on  mosquito 
larvae  could  be  introduced  into  lagoons  as  a  control  measure,  most 
lagoons  underwent  changes  in  dissolved  oxygen  content  and  water 
level  which  are  probably  too  great  to  permit  the  survival  of  any 
species  of  fish. 

The  occurrence  of  Anopheles  quadrimaculatus  and  Culex  tarsalis 
is  cause  for  some  concern,  since  they  are  known  vectors,  respectively, 
for  malaria  and  Western  Equine  Encephalitis. 

Future  studies  of  the  ability  of  mosquito  populations  to  become 
established  in  newly-filled  tomato  waste  lagoons  would  be  enlightening, 
and  a  study  of  the  relationship  of  invertebrate  predators  to  larval 
mosquito  populations  could  provide  information  applicable  to  a  bio- 
logical control  program.  Since  flies  were  numerous  at  lagoon  sites, 
a  detailed  study  of  these  populations  would  be  informative. 

Summary  and  Conclusions 

1)  Approximately  %  of  the  waste  lagoons  observed  in  east-central 
Indiana  during  July  and  August,  1970,  were  mosquito  produc- 
tion sites. 

2)  Although  six  other  species  were  present,  Culex  pipiens  (the 
northern  house  mosquito)  was  the  dominant  species  at  the 
lagoons  studied. 

3)  Immature  mosquito  populations  were  very  large,  averaging 
as  high  as  an  estimated  367  million. 

4)  Changes  in  the  level  and  nature  of  the  liquid  waste  appeared 
to  have  little  or  no  effect  in  decreasing  the  production  potential 
of  the  lagoons  which  were  revisited. 

5)  Of  the  five  human  waste  lagoons  studied,  none  was  found  to 
support  a  mosquito  population. 

6)  Diversity  of  species  utilizing  lagoons  tended  to  increase  as 
the  summer  progressed. 

7)  Further  basic  studies  should  be  made,  extending  through 
spring,  summer,  and  fall,  to  better  evaluate  seasonal  effects 
on  species  composition  at  waste  lagoon  sites. 
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8)  Since  egg  raft  populations  could  sometimes  be  quantified,  that 
is,  rough  estimations  could  be  made  of  the  number  of  rafts 
present  in  a  given  lagoon,  an  identification  key  to  the  eggs 
of  Culex  species  would  be  helpful  in  making  a  rapid  assess- 
ment of  species  present. 

9)  Lagoons  might  be  utilized  to  a  lesser  degree  by  maintaining 
clean  shore  lines,  by  periodic  removal  of  accumulated  solid 
wastes,  and  by  removal  of  all  emergent  vegetation.  Aeration 
might  be  of  indirect  benefit  in  controlling  mosquitoes  by 
creating  conditions  more  optimal  for  predators  (aquatic 
beetles,  dragonfly  larvae,  etc.).  In  most  cases,  however,  certain 
basic  improvements  in  design  and  function  of  these  lagoons 
appeared  paramount  in  source  elimination  of  mosquito  popu- 
lations. 
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Abstract 

The  average  annual  mermithid  infection  in  grasshopper  populations  in  central 
Iowa  is  approximately  16  to  17%.  Female  grasshoppers  tend  to  have  a  higher  incidence 
of  infection  than  do  male  grasshoppers.  Mermis  subnigrescens  (Cobb)  apparently 
infects    only    members    of    the   families    Acrididae    and    Tettigoniidae   in    central    Iowa. 

Introduction 

Mermis  subnigrescens,  a  nematode  parasite  in  the  body  cavity 
of  orthopterans,  has  been  reported  from  throughout  the  northern 
half  of  the  United  States  and  in  southern  Canada.  Most  reports 
have  been  incidence  reports  without  any  further  observations  on 
the  biology  of  the  parasite.  Some  observations  on  their  biology  have 
been  made  (2,  4,  5,  6). 

Methods  and  Materials 

A  preliminary  survey  in  1964  indicated  that  the  grassy  areas 
of  Iowa  Lakeside  Laboratory  in  northwest  Iowa,  and  four  areas  in 
and  near  Ames,  Iowa,  had  large  populations  of  orthopterans  and  a 
high  incidence  of  Mermis  subnigrescens  infection. 

Field  collections  of  insects  were  made  by  using  a  heavy  duty 
insect  sweeping  bag.  Insects  brought  back  to  the  laboratory  were 
placed  in  a  refrigerator  at  0°C  for  approximately  10  minutes  or  until 
they  became  quiescent.  The  orthopterans  were  then  separated  from 
other  insects  and  plant  material,  killed  by  ethyl  ether  fumes,  dis- 
sected with  microdissection  equipment,  and  examined  for  parasites. 

In  the  present  study,  collections  of  orthopterans  made  in  Iowa 
during  1965-1968  involved  the  dissection  and  examination  of  8,107 
orthopterans  (Table  1). 

Table  1.     Annual  percent  infection  of  Orthopterans  by  Mcrmithids  in  Iotva 
for  the  Years  1965-1968. 


Number  of  Orthopterans 


% 


Year  Dissected  Infected  Infected 

1965  787  140  17.7 

1966  1,803  190  10.5 

1967  4,282  819  19.1 

1968  1,235  212  17.2 

Total  8,107  1.361  16.8 
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Annual  Infections  for  1965-1968 

Christie  (4)  examined  2,500  grasshoppers  from  New  Hampshire 
and  found  an  average  infection  of  mermithids  of  12%.  Blickenstaff 
and  Sharif ullah  (1)  found  25%  infection  by  mermithids  in  Missouri. 
In  Quebec,  12  to  23%  infection  of  orthopterans  by  Mermis  subnigrescens 
was  recorded  (2).  A  10-year  survey  of  mermithids  near  Belleville, 
Ontario,  indicated  a  3%  annual  average  and  a  maximum  of  32%  in 
one  area  (9),  A  14%  infection  in  grasshoppers,  mostly  Melanoplus 
femurrubrum  and  M.  differ entialis,  was  reported  near  Urbana,  Illinois, 
in  1937  (8). 

The  average  annual  infection  of  mermithids  in  orthopterans  in 
Iowa  is  approximately  16  to  17%  (Table  1).  The  low  percentage 
in  1966  can  be  attributed,  in  part,  to  the  exceptionally  dry  months 
of  June,  July  and  August  of  that  year.  This  lack  of  rain  probably 
prevented  deposition  of  eggs  in  appreciable  numbers,  since  it  is  only 
during  or  after  a  rain  that  gravid  female  mermithids  come  to  the 
surface  to  lay  eggs.  Mermis  subnigrescens  females  which  are  pre- 
vented from  coming  to  the  surface  to  deposit  eggs  will  remain  in 
good  condition  for  several  years.  When  conditions  become  favorable, 
these  females  then  lay  their  eggs  (4).  The  rather  high  percentage 
of  infection  in  1967  indicates  that  females  which  were  prevented 
from  laying  eggs  in  1966  probably  laid  their  eggs  in  1967.  This 
caused  an  unusually  high  number  of  eggs  to  be  present  on  vegetation 
in  a  normal  year  and  resulted  in  a  higher  incidence  of  infection. 

Host  Sex  and  Infection 

Sex  of  the  host  and  its  ability  to  harbor  mermithid  infections 
shows  considerable  variability.  One  study  showed  mermithid  parasites 
in  about  45%  of  female  grasshoppers,  but  in  only  about  9%  of  the 
males  (7).  Christie  (3)  found  that  10.7%  of  male  Acrididae  and 
10.2%  of  the  females  were  infected.  In  the  family  Tettigoniidae,  he 
found  19.6%  of  the  males  and  14.6%  of  the  females  parasitized.  Results 
of  this  study  (Table  2)  indicate  that  the  rate  of  infection  according 
to  sex  in  Christie's  study  is  probably  the  more  normal  situation. 

Table  2.     A    comparison    of    infection    by    Mermithids    of    male    and   female    grasshoppers 
in  Iowa  for  the  Years  1965-1968. 


Number 

of 

Grasshopper 

•; 

% 
Infect 

Collected 

Infected 

ed 

Year 

Male 

Female 

Male 

Female 

Male 

Female 

1965 
1966 
1967 
1968 

361 
864 

2,229 
510 

426 
939 

2,053 

480 

66 

91 

390 

83 

74 
99 

429 
87 

18.1 
L0.5 
17.5 
L6.3 

17.3 
L0.5 
20.9 
18.1 

Total 

3,964 

3,898 

630 

689 

15.9 

17.7 

No. 

%  of 

% 

Examined 

Total 

Ortho 

ptera 

Infected 

2,776 

34.2 

17.7 

1,816 

22.4 

L5.0 

505 

6.2 

L5.3 

3,010 

37.1 

16.9 
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Host  Specificity 

Two  subfamilies  of  Acrididae,  Cyrtacanthacridinae  and  Oedipodinae 
and  the  subfamily  Conocephalinae  of  Tettigoniidae  were  the  principal 
sources  of  data  studied  with  reference  to  natural  infection   (Table  3). 

Table  3.     A    comparison    of    Mermithid    infection    in    selected   subfamilies    of    Orthoptera. 

Orthopteran 
Hosts 

Cyrtacanthacridinae 
Oedipodinae 
Conocephalinae 
Other     Families 


As  indicated  in  Table  3,  it  appears  that  the  rate  of  infection  with 
mermithids  is  approximately  equal  in  the  three  subfamilies.  Mermis 
subnigrescens  was  found  only  in  the  two  families,  Acrididae  and 
Tettigoniidae.  Mermithids,  later  identified  as  Agamermis  decaiidata, 
were  found  in  the  family  Gryllidae.  Experimental  attempts  to  infect 
individuals  of  the  family  Gryllidae  (Acheta  assimilis  and  Nemobius 
sp.)  with  M.  subnigrescens  proved  unsuccessful  in  this  study. 
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Abstract 

A  summary  of  arthropod  activity  in  major  economic  crops  in  Indiana  in  1970 
is  presented  together  with  notes  on  the  presence  and/or  abundance  of  arthropods 
on  other  crops,  ornamentals,  shade  and  fruit  trees,  records  of  insects  new  to  the 
state  or  not  previously  recorded,  and  their  present  distribution. 

A  general  description  of  climatic  conditions  which  possibly  in- 
fluenced the  size  of  insect  populations  and  the  severity  of  their  attacks 
directly  as  well  as  indirectly  through  their  influence  on  food  crops  and 
cultural  practices  follows. 

During  the  winter  of  1969-1970,  Indiana  temperatures  averaged 
4°F  below  normal  in  December,  11  °F  below  in  January,  and  3°F 
below  in  February  and  in  March,  with  less  than  normal  precipitation 
and  above  normal  snowfall.  A  warming  trend  beginning  in  April 
kept  the  growing  degree  days  in  the  northern  portion  of  the  state 
above  normal,  and  in  the  southern,  much  above  normal  until  the 
end  of  July.  Alfalfa,  which  averaged  2  inches  during  the  last  week 
in  March  in  southern  districts,  reached  15  inches  by  mid-April.  Ade- 
quate to  more  than  adequate  surface  and  subsoil  moisture,  however, 
delayed  field  work  so  that  plowing  for  corn  and  soybeans  was  behind 
until  April  20;  only  10%  of  the  corn  was  planted  by  the  eighth  of 
May  as  against  20%  in  normal  years.  Planting  was  rapid  after 
that  and  by  the  22nd  of  May  reached  the  normal  of  60%  complete. 
The  first  flight  of  European  corn  borer  females  peaked  in  the  week 
following. 

During  May,  the  northwestern  third  of  the  state  had  above  normal 
rainfall  while  the  southeast  had  less  than  normal;  soil  and  air 
temperatures  averaged  above  normal  elsewhere.  Rain  deficits  began 
to  develop  in  the  central,  eastern,  and  northeastern  parts  of  the  state 
by  June  19,  but  rains  in  the  next  2  weeks  somewhat  alleviated  the 
stresses  that  might  have  come  with  the  high  temperature  and  evapora- 
tion rates,  though  central  and  southeastern  areas  suffered.  Corn  growth 
during  this  time   was  normal;   it  averaged   39   inches   by  July   13,  and 


1  Journal  Paper  No.  4339,  Purdue  University  Agriculture  Experiment  Station. 
Information  for  this  summary  has  been  provided  in  part  by  the  State  Entomologist's 
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Purdue,  by  Purdue  teaching,  research  and  extension  staff  members  D.  B.  Broersma,  L. 
Chandler,  R.  C  Dobson,  G.  E.  Gould,  T.  R.  Hintz,  R.  T.  Huber,  G.  E.  Lehker,  D.  L. 
Matthew,  D.  P.  Sanders,  R.  E.  Shade,  D.  L.  Schuder  and  M.  C  Wilson,  with  the 
assistance  of  W.  P.  Henderson,  USDA,  ARS,  PPD,  of  Frankfort  and  by  their 
many  assistants  and  graduate  students,  to  all  of  whom  we  are  grateful. 
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10%  of  the  crop  was  silking.  By  the  end  of  July  southern  corn  leaf 
blight  had  appeared  in  some  southern  counties,  and  most  of  the  southern 
counties  were  short  on  rain  until  the  last  week.  Temperatures  also 
declined  from  the  middle  of  July,  so  that  the  growing  degree  days 
dropped  below  average  by  July  27  and  remained  there  till  the  end 
of  August.  Weekly  rainfall  totals  were  also  below  average  during 
August  over  much  of  the  state,  including  most  of  the  flight  time  for 
second  generation  borer  oviposition  period;  peak  flight  time  occurred 
during  the  first  few  days  in  August  in  the  south,  and  mid-August 
in  the  north.  The  period  between  April  1  and  October  1  provided 
200-400  more  growing  degree  days  than  average.  This,  coupled  with 
the  effects  of  the  blight,  with  droughty  conditions  especially  in  the 
central  and  southern  and  northeastern  areas  and  with  high  temperatures 
in  late  June  and  early  July,  prepared  the  corn  for  an  early  harvest; 
30%  of  the  crop  was  harvested  by  October  9,  against  a  10%  average 
for  that  date. 

Corn  and  Small  Grains 

Corn  earworm  (Heliothis  zea  [Boddie]).  Larvae  were  observed  as 
early  as  June  15  in  a  few  whorls  of  corn  in  Decatur  County,  and 
moths  were  taken  on  June  17  in  the  SW  district  (Fig.  2)  black-light 
trap.  However,  economic  infestations  were  roughly  comparable  to 
those  of  1969;  5%  of  the  sampled  ears  were  attacked  this  year. 
The  12%  figure  for  1969  included  attacks  by  the  fall  armyworm  which 
was  responsible  for  a  major  share  of  the  damage  in  that  year.  Losses 
in  1969  amounted  to  0.5%  of  the  crop;  in  1970,  to  0.4%.  A  slight 
increase  in  loss  was  seen  in  the  NE  district — from  0.14%  to  0.19% — 
and  larger  increases  in  the  SSC  (Fig.  1) — from  1.14%  to  1.77% — 
and  in  the  SEE^from  0.50%-  to  1.22%,  above  the  1969  levels.  Peak 
flight  activity  occurred  over  most  of  the  state  from  September  20-26, 
with  weekly  totals  of  614  (SC)   (Fig.  2),  386  (SE),  and  158  (NW). 

Armyworm  (Pseudaletiu  unipuncta  [Haworth]).  First  generation  lar- 
vae were  reported  damaging  corn  in  Putnam  and  Dubois  counties  in  late 
May,  and  by  June  5  larvae  were  occasionally  present  in  economic 
numbers  over  the  state.  They  clipped  barley  heads  in  the  Vincennes 
area  and  damaged  replanted  corn  in  the  NW  district.  The  second 
generation,  so  conspicuous  in  1969,  failed  to  develop  into  a  problem. 
Peak  flight  activity  occurred  during  the  week  from  June  21-27,  with 
catches  in  excess  of  2000  per  week  in  NW,  SW,  and  SC  traps.  A 
week  later  catches  averaged  650  elsewhere  in  the  state. 

Cutworms.  Because  of  locally  favorable  conditions,  cutworms  be- 
came problems  in  isolated  areas,  but  their  frequency  and  distribution 
did  not  warrant  their  being  called  anything  but  minor  pests  in  1970. 
Flight  activity  is  recorded  for  those  that  were  included  in  BL-trap 
surveys,  but  the  catch  for  some  species  was  so  light  that  the  desig- 
nation of  peaks  is  misleading  (Abbreviations  are  those  of  Fig.  2). 

Variegated  cutworm  (Peridroma  saucia  [Hiibner]).  The  catches  were 
in  the  southern  half  of  the  state,  with  a  peak  of  158  from  June  21-27 
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in  the  SC  and  98  in  the  SW  traps.    An  EC  peak  was  reached  2  weeks 
later  (67)  and  in  the  NW  3  weeks  later  (40). 


Figure  1.     Regional    districting     (12    districts)    of    Indiana    counties    as    used    in    studies 

of  economic  entomology  during  1970. 
Figure  2.     Regional    districting     (9    districts)     of    Indiana    counties    as    used    in    studies 

of  economic  entomology  during  1970. 


Black  cutworm  (Agrotis  ipsilon  [Hufnagel]).  The  SW  trap  took  302 
moths  during  the  week  from  June  21-27,  and  222  during  the  week 
from  August  9-15.  The  catch  in  the  rest  of  the  state  was  less  than 
50  in  any  week  with  the  exception  of  the  EC  trap,  which  took  67 
during  the  week  from  July  5-11. 

Bristly  cutworm  (Lacinipolia  rerdgera  [Stephens]).  The  SW  trap  took 
373  during  the  week  from  May  24-30,  and  the  NW  and  EC  traps  took 
a  few  over  140  during  the  next  week. 

Dingy  cutworm  (Feltia  subgothica  [Haworth]).  The  SW  trap  took 
300  during  the  week  from  September  13-19,  the  NW  319  a  week  earlier 
and  the  SC  234  a  week  later. 

Spotted  cutworm  (Amathes  c-nigrum  (Linnaeus]).  All  catches  were 
under    100    moths    per    week,    the    preponderance    of   the    catch    in    the 
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cooler  northern  and  eastern  portions  of  the  state.    The  NW  trap  took 
40  from  May  31-June  6,  and  the  EC  trap  71. 

European  corn  borer  ( Ostrinia  nubilalis  [HiibnerJ).  Egg  laying  was 
observed  by  May  27  on  30-inch  corn  grown  for  grain  in  the  SW  district 
and  eggs  were  found  by  June  12  in  the  NE  district.  In  corn  30  or 
more  inches  tall  in  the  southern  districts  55%  of  the  plants  observed 
showed  leaf  damage  attributable  to  the  borer  and  averaged  two 
borers /infested  stalk  by  June  19,  mostly  early  instars.  In  the  northern 
districts  29%  of  the  corn  30  or  more  inches  tall  was  infested  by 
July  3,  averaged  one  borer  per  stalk,  1.7  borers  in  the  northeast  and 
in  the  north  central.  Most  of  the  larvae  were  in  early  instars  with 
only  occasional  whorl  penetration.  Adults  had  by  this  time  disappeared 
from  light  trap  catches.  A  summer,  first-generation,  survey  showed 
the  heaviest  infestation  in  the  SSC  (Fig.  1)  district— 28%  with  57 
borers/ 100  stalks,  and  in  the  NNC— 30%— with  20  borers/ 100  stalks, 
followed  closely  by  the  NNE  district.  The  percent  of  infestation  was 
reduced  in  the  southern  districts  by  the  late  planting  and  slow  de- 
velopment of  the  corn  there,  for  nearly  half  the  corn  was  still  unsuitable 
for  oviposition  by  first  generation  moths  even  by  July  10,  where  peak 
flight  activity  as  indicated  by  light  traps  occurred  before  the  end  of 
May.  By  July  31,  emergence  from  first  generation  pupae  was  nearly 
complete  in  the  southern  districts. 

The  infestation  by  second  generation  borers  was  down  from 
1969  levels,  the  state  average  for  1969  being  48%,  that  for  1970, 
41%.  The  decrease  was  due  primarily  to  the  large  decrease  in  in- 
festation in  the  southern  districts  which  are  traditionally  heavily 
infested.  The  unevenness  in  the  development  of  the  corn  played  a 
part  in  the  reduction,  enhanced  by  the  advent  of  the  southern  corn 
leaf  blight  which  made  some  corn  uninviting  for  oviposition  and  in 
some  cases  dried  it  out  too  soon  for  the  larvae  to  develop.  The  average 
number  of  borers  per  stalk  increased  somewhat  on  a  state-wide  basis, 
from  39.76  borers/ 100  stalks  in  1969  to  47.28  in  1970.  The  increase 
was  in  large  part  due  to  the  increase  in  the  NNC  district,  which  rose 
from  the  1969  level  of  43.91  borers  to  the  1970  level  of  162.33  borers 
per  100  stalks. 

The  SW  (Fig.  2)  district  BL-trap  had  a  first  generation  peak  of 
542  adults  from  May  24-30,  and  a  second  generation  peak  of  6697 
from  August  23-29.  Other  traps  had  poorly  defined  peaks  either 
because  of  generally  poor  catches  or  because  of  consistently  high  catches 
for  several  weeks,  as  in  the  case  of  the  NW  trap  during  most  of 
August. 

Western  corn  rootworm  (Diabrotica  virgifera  [LeConte]).  First 
found  in  Indiana  in  1968,  it  was  not  found  outside  Newton  county 
until  this  year.  New  county  records  for  1970  include  LaPorte,  Porter, 
Lake,  Kosciusko,  Fulton,  Jasper,  Starke,  and  Marshall,  all  in  the 
NW  and  NC  districts,  extending  its  range  %  of  the  way  across  the 
state.  As  a  measure  of  its  1970  abundance,  300  adults  were  collected 
from  corn  silks  on  a  LaPorte  county  farm  in  1%  man-hours  on  August 
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11.  It  took  9  man-hours  to  collect  480  beetles  on  two  Porter  county 
farms  on  August  25,  and  6  man-hours  for  600  beetles  on  a  third 
farm.    There  was  no  evidence  of  economic  damage  in  Indiana  in  1970. 

Northern  corn  rootworm  (Didbrotica  longicornis  [Say]).  Eggs  began 
to  hatch  in  Tippecanoe  county  about  June  10,  and  second  instar 
larvae  were  taken  there  on  the  seventeenth.  Adults  were  seen  by 
July  7  on  green  silks  in  Orange  county,  and  all  over  the  central 
and  north  central  districts  by  July  17.  Fewer  fields  were  infested 
than  in  1969,  and  these  were  generally  more  lightly  infested,  though 
heavily  infested  fields  could  be  found  in  nearly  every  county  north 
of  Indianapolis.  One  field,  seriously  damaged,  had  50+larvae/root 
system  (NE),  and  another  (NC)  had  every  ear  tip  with  5  or  more 
beetles,  running  to  15  or  more.  Goose-necking  due  to  serious  root 
damage  was  uncommon. 

Cereal  leaf  beetle  (Oulema  melanopus  [Linnaeus]).  Developmental 
data  are  all  from  the  New  Carlisle  area,  the  area  in  which  records 
have  been  kept  for  the  longest  time  on  this  insect  in  this  state.  By 
June  5  eggs  on  oats  ranged  from  22-60 /linear  foot;  larvae  of  all  ages 
and  the  year's  first  pupa  were  also  present  at  the  rate  of  2-3 /stem, 
and  treatment  would  have  been  profitable  in  some  fields.  By  June 
19,  larvae  were  primarily  3rd  and  4th  instar  and  averaged  1-2/stem. 
Larvae  were  virtually  gone  by  July  3,  and  adult  emergence  Vz  com- 
plete. A  week  later  emergence  was  past  its  peak,  and  was  completed 
by  July  17.  Treatment  farther  south  would  generally  not  have  been 
profitable  both  because  the  infestations  were  lighter  and  because 
the  oats  were  farther  along. 

Population  levels  in  the  NW  counties  south  of  Lake  Michigan 
have  remained  static  over  the  last  3  years.  West-central  counties  since 
1969  have  experienced  a  9.5-fold  increase  from  an  average  of  0.55 
larvae/ 100  stems  to  5.24.  Central  counties  have  increased  2-fold,  from 
6.5  to  13.5  larva  per  100  stems.  And  SE  counties  have  gone  from 
7.7  to  26.4/100  in  the  last  year.  None  of  these  averages  is  of  economic 
importance,  but  they  are  illustrative  of  the  direction  of  movement 
of  the  beetle.  Economic  populations  occur  as  far  east  as  western 
Pennsylvania,  while  a  relatively  short  distance  southward  from  the 
original  source  there  are  no  important  populations. 

Corn  flea  beetle  (Chaetocnema  pulicaria  [Melsheimer]).  Beetles  were 
present,  but  not  economic. 

Japanese  beetle  (Popillia  japonica  [Newman]).  Adults  were  re- 
ported in  large  numbers  from  soybeans  and  corn  in  Newton,  Starke,  and 
Benton  counties,  and  on  corn  in  LaPorte  county.  They  were  also 
heavy  in  an  area  of  some  22  square  miles  in  Jackson  and  Washington 
counties,  where  controls  were  applied  on  both  corn  and  soybeans,  at 
least  in  the  former  county.  New  county  records  include  Washington, 
Dearborn,  and  Ohio  counties;  they  were  caught  in  unusually  large 
numbers  (for  newly  invaded  territories)  in  Dearborn  and  Ohio  coun- 
ties, as  well  as  in  Orange  and  Washington  counties.    Urban  populations 
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also  increased;  Logansport,  once  with  a  noticeable  population  only  in 
the  eastern  half  of  the  city,  is  now  entirely  infested,  and  with  a 
heavier  population. 

Grape  colaspis  (Colaspis  flavida  [Say]).  Adults  caused  severe  dam- 
age in  the  whorls  of  corn  on  a  single  farm  in  Jackson  county,  an 
unusual  occurrence. 

Chinch  bug  (Blissus  leucopterus  [Say]).  Populations  of  this  insect 
appear  to  be  at  maintenance  levels  only,  as  they  have  been  since  1966. 
Surveys  in  March  and  November  detected  no  significant  economic 
numbers. 

Corn  leaf  aphid  (Rhopalosiphum  maidis  [Fitch]).  On  a  state-wide 
basis,  13.76%  of  the  corn  seen  in  the  annual  corn  insect  survey  was 
lightly  infested,  5.87  was  moderately,  and  0.40  heavily  so,  for  a 
total  of  20.3%.  This  compares  with  1969  figures  of  21.24,  4.65,  0.07, 
and  25.95  respectively.  There  were  increases  in  the  NC,  the  SC,  and 
the  SE  and  SSE  districts.  The  infestations  in  neither  year  were  of 
consequence  economically,  in  1970  especially  so  because  of  their 
lateness. 

English  grain  aphid  (Macrosiphum  avenue  [Fabricius]).  Frequently 
reported  in  1970,  the  symptoms  which  brought  the  wheat  to  the  at- 
tention of  the  farmer  were  probably  more  commonly  due  to  wheat 
scab,  which  was  abundant  this  year,  than  to  the  presence  of  aphids, 
though  these  may  also  have  been  more  abundant,  but  seldom  economic. 

Hessian  fly  (Mayetiola  destructor  [Say]).  Over-all  there  was  a  de- 
crease in  the  number  of  fields  infested:  49%  of  the  fields  sampled  in 
1969  were  infested,  compared  with  22%  for  this  year.  The  average 
infestation  of  W38  wheats,  i.e.,  wheats  that  the  prevailing  Race  B 
of  the  Hessian  fly  is  capable  of  infesting,  remained  about  the  same, 
3.4%  in  1969  and  3.7%  in  1970.  Wheats  having  Race  B  resistance 
remained  relatively  fly-free,  0.8  in  1970  versus  0.4  in  1969.  The  de- 
crease in  fields  that  were  infested,  and  the  little  change  in  infesta- 
tion that  occurred  in  W38  wheats  is  interesting  in  view  of  the  fact 
that  much  more  of  this  type  of  wheat  was  grown;  73.6%  of  the  crop 
had  W38  resistance  in  1969,  94%  in  1970.  In  fields  that  were  infested, 
the  average  number  of  puparia  increased,  rising  from  an  average 
of  3.6  puparia/ 100  stems  to  4.8/100.  Counties  with  above-average 
numbers  of  puparia  in  W38  wheats  include  eight  of  the  northern 
counties  (St.  Joseph,  Elkhart,  Jasper,  Starke,  Kosciusko,  Fulton*,  Noble*, 
and  Steuben*);  six  in  the  Terre  Haute,  Vincennes,  Bedford  triangle 
(Vigo*,  Sullivan,  Knox*,  Daviess*,  Dubois,  and  Lawrence);  and  a  cluster 
south  and  east  of  Indianapolis  (Johnson,  Shelby,  Hancock,  and  Henry) ; 
(starred  counties  had  10  or  more  puparia/ 100  stems).  Surveys  made 
in  December  in  a  few  fields  of  Arthur  wheat  (resistant  to  Race  B) 
seedlings  indicated  infestations  averaging  from  11-41%.  Of  the  54 
samples  of  50  seedlings,  each  in  the  field  showing  41%  infestation, 
the  range  of  infestation  was  from  0  to  80%  and  infested  seedlings 
averaged  2  puparia/ seedling. 
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Garden  symphylan  (Scutigerella  sp.).  Symphylans  were  not  reported 
during  the  year  nor  were  they  present  in  fields  known  to  have  popu- 
lations in  1969,  at  least  not  in  noticeable  numbers. 

Forage  Legumes  and  Soybeans 

Alfalfa  weevil  (Hypera  postica  [Gyllenhal]).  Carry-over  of  1969 
eggs  was  comparatively  light,  especially  in  the  western  third  of  the 
state,  where  the  averages  ranged  from  5-30  eggs /ft-.  Separate  surveys 
also  gave  averages  from  23-50 /ft2  in  the  NC,  C,  and  SC  districts, 
and  from  16-45/ft-  in  the  EC  and  NE  districts.  Numbers  of  eggs 
varied  widely  from  field  to  field  and  even  within  fields,  and  individual 
counts  ranged  from  0-220  eggs/ft2 — in  the  latter  case  the  consequent 
population  killed  the  alfalfa  by  mid-summer.  Viability  was  believed 
to  be  lower  than  in  the  previous  seasons  as  indicated  by  hatching 
in  blender-extracted  eggs,  running  from  Vs  to  V2  of  the  eggs  hatching. 
Larval  hatching  did  not  begin  until  after  mid-March  in  the  southern 
districts;  by  March  31,  6  out  of  17  fields  had  larvae,  including  some 
third  instars,  in  alfalfa  that  averaged  2  inches.  By  April  13,  larval 
populations  in  the  same  districts  averaged  28/100  terminals,  and  by  the 
17th  adults  were  taken  in  daytime  sweeps  up  to  %  sweeps.  By  May 
4,  these  districts  had  reached  a  peak  of  an  average  of  305  larvae/ 100 
terminals  (30/sweep)  in  alfalfa  that  averaged  15  inches.  Weather 
prevented  the  harvesting  at  this  time  that  would  have  greatly  reduced 
losses.  Populations  peaked  a  week  to  10  days  after  the  southern  in 
the  central  districts,  averaged  185  larvae/ 100  terminals.  Peaks  in 
the  northern  part  of  the  state  came  a  week  to  10  days  later  and 
averaged  270  larvae/ 100  terminals.  Feeding  damage  tended  to  be  less 
severe  in  the  north  than  in  the  south,  partly  because  the  alfalfa  in 
the  northern  areas  was  3  to  5  inches  taller  when  populations  peaked. 
In  both  1969  and  1970,  populations  were  heaviest  in  the  SC  district, 
followed  by  NC  and  NE.  Heavier  populations  were  found  in  the 
eastern  than  in  the  western  parts  of  the  state,  correlating — negatively 
— with  populations  of  Bathyplectes  curculionis,  our  most  important 
parasite  of  the  weevil. 

Grasshoppers.  Both  the  long-horn  and  the  short-horn  (mostly 
Melanophis  femur rubrum  [DeGeer])  were  more  abundant  this  year, 
but  were  seldom  responsible  for  economic  damage.  Central  district 
populations  reached  an  average  of  220/100  sweeps  in  alfalfa  (R  = 
0-700/100  sweeps)  early  in  August. 

Pea  aphid  (Acyrthosiphon  pisum  [Harris]).  Populations  remained  at 
non-economic  numbers  in  alfalfa.  In  the  southern  districts  the  mean 
per  100  sweeps  was  288  on  August  19,  in  the  central  209  on  August 
26,  in  the  northern  455  by  September  2.  The  NE  district  had  the 
highest  populations. 

Meadow  spittlebug  (I'hilaenus  spumarius  [Linnaeus]).  Immatures 
were  present  in  all  southern  districts  by  April  14  at  the  rate  of  5/100 
terminals,  and  peak  populations  appeared  during  May — a  mean  of 
18.5    nymphs/ 100    terminals    in    the    southern   districts,    12.3/100    in    the 
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central  and  19.2/100  in  the  northern.  Adult  populations  were  high 
in  some  fields  by  the  first  of  June:  a  mean  of  3900/100  sweeps  taken 
in  the  EC  district  in  early  June,  with  populations  of  up  to  15000/100 
in  some  fields.  By  mid-August  southern  districts  averaged  66,  central 
a  week  later  209  and  northern  2  weeks  later  155/100  sweeps. 

Tarnished    plant   bug    (Lygus   lineolaris    [Palisot  de   Beauvois]).    By 

the  middle  of  May  adult  populations  averaged  25/100  sweeps  in  the 
southern  %  of  the  state  in  alfalfa.  In  the  southern  districts  bugs  of 
all  ages  averaged  228/100  sweeps  in  mid-August;  67%  were  nymphs. 
The  SC  population  was  the  highest  in  the  state.  Central  districts 
averaged  100/100  sweeps,  24%  nymphal.  Northern  districts  averaged 
82/100,  (131/100  in  the  NE),  40%-  nymphal,  on  September  2.  Infestations 
were  below  those  of  1969  and  non-economic.  No  significant  populations 
developed  in  soybeans. 

Alfalfa  plant  bug  (Adelphocoris  lineolatus  [Goeze]).  Heaviest  in  the 
northern  districts,  they  averaged  223/100  sweeps  by  September  2 
(447/100  sweeps  in  the  NW);  38%  were  nymphs.  Central  districts 
averaged  87/100,  57%)  nymphal  a  week  before,  and  in  mid-August 
southern  counties  averaged  67/100,  67%'  nymphal. 

Rapid  plant  bug  (Adelphocoris  rapidus  [Say]).  This  was  the  least 
important  plant  bug  and  averaged  38,  33,  and  26/100  sweeps  in  the 
southern,  central,  and  northern  districts,  respectively,  during  the  last 
weeks  in  August.  About  half  were  nymphs  except  in  the  southern 
populations,  which  were  67%  nymphal. 

Garden  fleahopper  (Halticus  bracteatus  [Say]).  Adults  averaged 
145/100  sweeps  in  the  southern  districts  by  mid- August,  219  in  the 
northern  (550/100  in  the  NC),  on  September  2,  on  alfalfa. 

Green  cloverworm  (Plathypena  scabra  [Fabricius]).  Of  little  conse- 
quence in  alfalfa  in  1970,  larvae  averaged  19,  52,  and  14  in  the  southern, 
central,  and  northern  districts,  respectively,  per  100  sweeps,  during 
the  last  weeks  of  August.  They  were  more  numerous  on  the  western 
than  on  the  eastern  side  of  the  state. 

Alfalfa  caterpillar  (Colias  eurytheme  [Boisduval]).  Larvae  averaged 
9/100  sweeps  through  the  state  in  August,  were  nowhere  a  problem 
in  alfalfa. 

Mexican  bean  beetle  (Epilachna  varivestis  [Mulsant]).  Attacks  were 
confined  to  the  traditional  areas  in  the  SC  and  SE  districts  and  were  if 
anything  less  widespread  and  slightly  less  severe  than  in  1969. 

Bean  leaf  beetle  (Cerotoma  trifurcata  [Forster]).  Adults  were  some- 
what more  numerous  and  more  ubiquitous  than  in  1969.  They  damaged 
a  few  central  district  soybean  fields  at  the  end  of  May,  but  were 
otherwise  seldom  numerous  enough  at  critical  times  to  be  considered 
economic. 

Potato  leaf  hopper  (Empoasca  fobae  [Harris]).  Populations  were 
slow  in  building  and  rarely  became  great  enough  to  discolor  alfalfa  or 
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become  harmful  to  soybeans.  The  southern  district  average  was 
360/100  sweeps  in  mid-August,  223/100  sweeps  in  the  central  areas, 
and  464/100  in  the  northern  counties. 

Spotted  alfalfa  aphid  (Therioaphis  moculata  [Buckton]).  Adults  were 
observed  only  occasionally  and  in  small  numbers  not  exceeding  2 /sweep. 

Fruits 

Strawberry  leaf  roller  (Ancylis  comptana  fragariae  [Walsh  and  Riley]). 

This  was  the  most  commonly  reported  pest  of  small  fruits  in  1970. 

Periodical  cicada  (Magicicada  sp.).  Brood  X  was  destructive  in  some 
orchards  in  the  southern  third  of  Indiana.  Adults  began  emergence 
in  mid-May.  This  complex  was  the  12th  most  frequently  reported 
arthropod  during  nursery  inspections,  as  judged  by  the  damage  it 
caused. 

Ornamentals,  Forest,  and  Shade  Trees 

Of  the  nearly  50  galls  sent  to  Purdue  Extension  personnel,  the 
following  could  be  determined  accurately  either  from  the  gall  or  the 
organism.  County,  month,  and  host  are  given  in  that  order.  Common 
names  are  those  approved  by  the  Entomological  Society  of  America 
where  available;  in  other  instances  Felt  is  followed  (1,  2).  Felt's 
scientific  names  are  also  used  except  among  the  Hymenoptera,  and 
among  the  Diptera,  where  Muesebeck  et  al.  (3)  and  Stone  et  al.  (4)  are 
preferred. 

Galls  caused  by  mites 

Eriophyes  fraxiniflora  felt.  Ash  flower  gall  mite. 

Dearborn,  June,  ash. 
Vasates  aceris-crumena  (Riley).  Maple  spindle  gall  mite. 

Cass,  May,  Orange,  July,  maple. 
Vasates  quadripes  (Shimer).  Maple  bladder-gall  mite. 

Bartholomew,    May,    maple ;    Tippecanoe,    May,    silver    maple ;    Lake,    Noble, 

June,    maple.    This   species  was   the   fifth   most   frequently  observed   arthropod 

during  nursery  inspections. 

Galls  caused  by  Homoptera 

Pachypsylla  celtidismamma  (Riley).  Hackberry-nipple-gall  maker. 

Henry,  July,  hackberry ;  Fayette,  August,  hackberry ;  adults  were  in 
addition  sent  in  from  Cass,  Jackson,  Shelby,  and  Tippecanoe  counties 
in  October. 

Chermes  cooleyi  Gillette.  Cooley  spruce  gall  aphid. 

Allen,  July,  host  not  given ;  Cass,  September,  blue  spruce.  Reported  as 
common  in  Marion  county  where  they  were  hardly  known  earlier,  and 
as  heavier  than  usual  in  northern  areas.  This  species  was  the  eighth 
most    frequently    observed    arthopod    during    nursery    inspections. 

Colopha  ulmicola  (Fitch).  Elm  cockscomb-gall  aphid. 
Wells,  June,  elm. 

Phylloxera  caryaecaulis  Fitch.  Hickory  pouch  gall. 

Henry,  May,  hickory ;  Tippecanoe,  May,  shagbark  hickory ;  Allen,  Dela- 
ware, Montgomery,  June,  hickory-  (Galls  were  present  by  May  22  in 
Tippecanoe  county.) 

Phylloxera  vitifoliae  Fitch.  Grape  phylloxera. 

Vanderburgh,  August,  Owen,  Tippecanoe,  September,  grape. 
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Galls  caused  by  Diptera 

Da8ineura  communis  Felt.    Gouty  vein  gall  midge. 

Dearborn,  May,  hard  maple;  Daviess,  June,  maple. 
Dasineura  gleditschiae  (Osten  Sacken).  Honey  locust  pod  gall  midge. 

Allen,  Porter,  July,  sunburst  and  honey  locust. 
Dasineura  rhodophaga  (Coquillet).  Rose-bud  midge. 

Allen,  July,  rose. 
Mayetiola  rigidae  (Osten  Sacken).    Beaked  willow  gall  midge. 

St.      Joseph,      March,      pussy      willow ;      Porter,      Tippecanoe,      April,      pussy 

willow. 
Caryomyia  caryae  Osten  Sacken.  Hickory  leaf  gall  midge. 

Madison,  August,  hickory. 
Caryomyia  tubicola  (Osten  Sacken).  Hickory  tube  gall  midge. 

Madison,  August,  hickory. 
Parellelodiplosis  florida  (Felt.).   (No  common  name). 

Dubois,  Gibson,  July,  oak. 
Cecidomyia  citrina  Osten  Sacken.  Linden  twig  gall  midge. 

Ripley,  April,  basswood. 

Galls  caused  by  Hymenoptera 

Diplolepis  bicolor  (Harris).    Spiny  rose-gall  wasp. 

Lawrence,  June,  rose. 
Neuroterus  noxiosus  (Bassett).  Noxious  oak  gall  wasp. 

Not    sent    in    for    identification,    but    reported    as    more    common    than    usual 

in  central  Indiana. 
Neuroterus  papillosus  Beutenmueller.  Oak  blister  gall  wasp. 

Lake,  June,  red  oak. 
Neuroterus  saltarius  Weld.  Flea  seeds. 

Fayette,    June     (reported    from    grass,    but    probably    had    fallen    from    trees.) 

Delaware,  September,  white  oak. 
Xanthoteras  eburneum  (Bassett.) 

Porter,  August,  oak. 
Alderia  strobilana  (Osten  Sacken).    Oak  filbert  wall  wasp. 

Huntington,  September,  oak. 
Dryocosmus  palustris   (Ashmead).    Succulent  oak  gall  wasp. 

Jackson,     April,     pin     oak  ;     Floyd,     Madison,     Tippecanoe,     May,     pin     oak ; 

Allen,  Marion,  June,  pin  oak. 
Callirhytis  lanata  (Gillette).  Wooly  oak  gall  wasp. 

Porter,  August,  oak. 

Other  pests  of  ornamentals 

Spruce  spider  mite  (Oligonychus  ununguis  [Jacobi]).  The  most  fre- 
quently reported  of  evergreen  pests;  it  was  reported  from  Delaware, 
Fayette,  Putnam,  Ripley,  Wells,  and  Whitley  counties.  It  was  ap- 
parently more  numerous  this  year  than  in  past  years.  Mites,  among 
which  this  species  predominated,  were  the  number  one  pests  of  nurseries 
in  1970. 

Oystershell  scale  (Lepidosaphes  ulmi  [Linnaeus]).  This  was  the 
most  reported  of  the  scales;  it  was  sent  in  from  Fayette,  Bartholomew, 
and  Grant  from  maples  and  from  Fountain  on  red  twig  dogwood. 
The  gray  race  was  the  14th  and  the  brown  15th,  among  the  top  20 
pests  of  nurseries. 

Anormenis  septentrionalis  Spinola  was  more  abundant  this  year  than 
in  past  years. 
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Bronze  birch  borer  (Agrilus  anxius  [Gory]).  This  was  the  seventh 
most  commonly  observed  arthropod  during  nursery  inspections. 

Twig  girdler  (Oncideres  cingulata  [Say]).  This  was  the  most  re- 
ported coleopteran  of  trees  in  1970. 

Locust  borer  (Megacyllene  robiniae  [Forster]),  the  white-pine  weevil 
(Pissodes  strobi  [Peck]),  and  Pales  weevil  (Hylobius  pales  [Herbst]) 
were  all  more  common  in  1970  than  in  1969. 

White-marked  tussock  moth  (Hemerocampa  leucostigma  [J.  E. 
Smith])  was  the  most  reported  lepidopteran  pest  of  forest  and  shade 
trees,  followed  by  the  oak  skeletonizer  (Bucculatrix  ainsliella  [Murt- 
feldt]). 

Spruce  budworm  (Choristoneura  fumiferana  [Clemens]).  This  insect 
was  taken  in  Lake  county  in  May  for  the  first  time  in  Indiana  since 
1928. 

Virginia  pine  sawfly  (Neodiprion  pratti  pratti  [Dyar]).  Larvae  of 
this  species  attacked  some  5000  acres  of  short  leaf  and  Virginia  pine 
in  the  Hoosier  National  Forest,  seriously  defoliating  some  200  acres. 

European  pine  sawfly  (Neodiprion  sertifer  [Geoffroy]).  Populations 
of  this  sawfly  seem  to  be  building  in  much  of  the  state. 

Most  of  the  perennial  pests  in  this  category  remained  at  normal 
or  less  than  normal  levels: 

Eastern  tent  caterpillar  (Malacosoma  americanum  [Fabricius]).  Pop- 
ulations were  about  normal  except  for  some  heavy  populations  in  the 
SW  district. 

Fall  webworm  (Hyphantria  cunea  [Drury]).  Infestations  generally 
light.  This  species  was  the  fourth  most  frequently  observed  arthropod 
during  nursery  inspections. 

Mimosa  webworm  (Homadaula  anisocentra  [Meyrick]).  Populations 
appear  to  be  building  up  slightly.  This  was  the  eleventh  most  fre- 
quently reported  arthropod  during  nursery  inspections. 

Elm  leaf  beetle  (Pyrrhalta  luteola  [Muller]).  The  first  generation 
was  light,  the  second  normal. 

Locust  leaf  miner  (Xenochalepus  dorsalis  [Thunberg]).  Populations 
appeared  to  have  been  normal. 

Bagworm  (Thyridopteryx  ephemeraeformis  [Haworth]).  Populations 
about  normal.  This  species  was  the  second  most  frequently  observed 
during  nursery  inspections. 

Remaining  pests  among  the  20  most  frequently  observed  arthropods 
during  nursery  inspections  follow;  they  were  left  out  either  because 
complexes  of  insects  were  represented,  or  because  they  were  only 
infrequently  found,  and  are  included  here  only  for  the  sake  of  com- 
pleteness: 
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Number     3 :  Mealybugs. 

Number     6 :  Lecanium  scales. 

Number     9:  European   pine   shoot   moth    (Rhyacionia   buoliana    [Schiffermiiller] ) . 

Number  10:  Tuliptree  aphid   (Macrosiphum  liriodendri  [Monell]). 

Number  13.  Whitefly. 

Number  16  :  Green  apple  aphids. 

Number  17:  Oriental  fruit  moth  (Grapholitha  molesta  [Busch]). 

Number   18:  Yellow  necked  caterpillar   (Datana  ministra  [Druryl]). 

Number   19:  Iris  borer  (Macronoctua  onusta  Grote). 

Number  20:  Juniper   tip   midge    (Oligotrophus   apicis   Appleby   and   Neiswander ). 

Man  and  Animals 

A  biting  midge  (Culicoides  variipennis  [Coquillett]),  was  abundant 
enough  in  areas  in  Grant  county  to  be  of  annoyance  to  both  man  and 
livestock.  Although  probably  present,  no  other  reports  of  annoyance 
were  received. 

Deer  flies  appeared  to  be  somewhat  more  common  than  ordinarily, 
and  some  were  very  abundant  locally.  Chrysops  moechus  Osten  Sacken, 
for  instance,  was  numerous  enough  to  be  taken  by  the  hundreds  along 
some  streams  in  Tippecanoe  county,  by  net.  C.  vittatus  Wiedemann  was 
also  quite  common.  Other  species  sent  in  for  identification  were: 
C.  aberrans  Philip,  C.  aestuans  Wulp,  C.  callidus  Osten  Sacken,  C. 
cincticornis  Walker,  C.  dacne  Philip,  C.  montanus  Osten  Sacken,  C. 
niger  Macquart,  C.  pikei  Whitney,  C.  striatus  Osten  Sacken,  and  C. 
univittatus  Macquart. 

Horse  flies  (Tabanus  sp.)  were  sometimes  observed  in  good  numbers, 
but  only  once  were  some  taken  for  determination:  Tabanus  sulcifrons 
Macquart  was  numerous  at  homes  near  Solsberry  in  Greene  county. 

Face  fly  (Musca  autumnalis  [De  Geer]).  Numbers  peaked  at  the  end 
of  July;  the  fly  was  more  common  this  year  than  in  1969. 

Horn  fly   (Haematobia  irritans   [Linnaeus]).    Numbers  were  lower  in 

1970  than  in  the  previous  year- 
Spiders    were    again    the    most    frequently    submitted    arthropods 

from    homes    and    yards;    this   was    again    because    of    the    presence    in 

some  parts   of  the  state  of  the  brown  recluse   spider,  for  which  there 

were  no  new  county  records. 

Of  the  stored  product  pests,  the  larder  beetle  (Dermestes  lardarius 
[Linnaeus])  was  most  frequently  reported;  last  year's  top  beetle,  the 
saw-toothed  grain  beetle  (Oryzaephilus  surinamensis  [Linnaeus])  was 
reported  but  once,  and  spider  beetles  not  at  all,  although  they  were 
the  second  most  reported  last  year.  Stored  product  moths  were  infre- 
quently reported,  as  were  cockroaches,  of  which  the  German  cockroach 
(Blattella  germaniea  [Linnaeus])  was  foremost.  Reports  of  termites 
(Reticulitermes  sp.)  remained  the  same  as  in  1969. 

Giant  hornet  (Vespa  crabro  germana  [Christ]).  Adults  were  taken 
in  Hendricks  county  for  a  new  county  record. 
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Northern  mole  cricket  (Gryllotalpa  hexadactyla  [Perty]).  This  insect 
was  reported  from  homes  and  swimming"  pools  more  frequently  than 
in  the  past. 

Beneficial  Insects 

One  female  of  Sandalus  niger  Knoch,  a  rhipicerid  beetle  which  is 
possibly  a  parasite  of  the  periodical  cicada  (Magicicada  sp.),  was  taken 
on  October  1,  1970,  in  Bloomington  by  Dr.  F.  N.  Young,  the  first 
record  for  that  insect  there  since  1954  (5). 

Bathyplectes  curculionis  (Thomson).  A  general  build-up  of  this  para- 
site has  had  a  marked  effect  on  the  suppression  in  1970  of  the  alfalfa 
weevil  (Hypera  postica  [Gyllenhal] ),  in  the  state,  particularly  in  the 
western  counties.  Weevil  larvae  were  found  to  be  parasitized  at  the 
following  rates:  Harrison  county  (SC)—  8.8%;  Knox  (SW)— 50.7%; 
Tippecanoe  (WC)— 63.1%;  Steuben  (NE)—  34.9%. 

Bathyplectes  anurus  (Thomson).  Populations  of  this  parasite,  the 
second  in  importance  on  the  alfalfa  weevil,  remained  low  and  confined 
as  far  as  is  known  to  a  single  county,  Harrison,  where  they  were 
found  in  60  %>  of  the  sampled  fields,  and  where  they  parasitized  1.7% 
of  the  larvae. 

A  lady  beetle,  Coleomegilla  maculata  (De  Geer),  a  general  predator 
of  importance  especially  in  oats  infested  by  the  cereal  leaf  beetle, 
was  taken  at  the  rate  of  39  adults/ 100  sweeps,  on  the  average,  in 
early  May,  in  alfalfa,  and  averaged  14  adults/ 100  sweeps  in  late 
August.  The  central  portions  of  the  state  were  most  heavily  popu- 
lated. This  species  was  more  heavily  parasitized  than  in  the  past. 
Parasitized  specimens  were  seen  only  in  corn  fields,  probably  because 
they  are  more  easily  seen  there  than  elsewhere.  All  parasites  reared 
were  the  braconid  Perilitus  cocci?iellae  (Schrank). 

Hippodamia  parenthesis  (Say),  another  coccinellid  predator,  was 
seldom  seen  in  alfalfa  until  late  summer.  It  averaged  11  adults/ 100 
sweeps  in  late  August. 
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Abstract 

Sampling  of  domestic  fly  populations,  using  the  attached  bait  pan  fly  trap,  was 
conducted  in  Delaware  County,  Indiana,  during  two  spring  seasons  and  two  fall 
seasons.  Approximately  20,000  flies  were  trapped.  Although  more  than  32  species 
were  obtained,  2  species,  Phaenicia  sericata  (Meigen)  and  Phormia  regina  (Meigen), 
constituted  over  70%  of  all  flies  collected.  Phormia  regina  appears  to  be  particularly 
well-adapted  to  Indiana  conditions. 

The  house  fly,  Musca  domestica  L.,  was  more  abundant  during  fall  than  spring. 
Its  association  with  food  processing  industries  accounts  for  its  abundance  in  certain 
Indiana  communities  during  early  autumn. 

Introduction 

Studies  of  domestic  fly  populations  were  conducted  in  Delaware 
County,  Indiana,  during  the  autumn  of  1964  and  1966,  and  during 
spring  of  1966  and  1967.  The  purposes  of  these  studies  were  to 
determine:  1)  the  species  composition  of  fly  trap  collections;  2) 
relative  numbers,  or  densities  of  prevalent  species;  and  3)  seasonal 
trends  or  successions.  Insufficient  data  were  obtained  to  realize  the 
third  objective,  but  preliminary  information  relating  to  the  first  two 
objectives  was  obtained.  In  this  study,  "domestic  fly  populations"  is 
interpreted  to  mean  those  fly  populations  which  frequent  man's  estab- 
lishments, and  which  can  be  observed  or  trapped  by  conventional 
methods  in  those  settings. 

Materials  and  Methods 

The  attached  bait  pan  fly  trap  as  described  by  Schoof  (4)  was 
used  exclusively  in  this  study.  Usually,  traps  were  set  out  in  late 
morning  and  were  recovered  the  following  morning.  Adjustments  were 
made  for  weather,  and  for  the  class  schedule  of  students  who  operated 
the  traps.  During  cool  weather,  traps  were  sometimes  allowed  to 
remain  out  for  as  long  as  2  days.  During  warm  weather,  traps  fre- 
quently filled  with  flies  and  could  be  recovered  in  a  few  hours. 

Chicken  entrails,  obtained  from  a  local  produce  house,  were  used 
for  bait.  Usually  this  material  was  obtained  in  quantities  of  a  gallon 
or  more,  then  transferred  to  waxed  cartons,  frozen,  and  kept  in  a 
freezer  until  needed.  Half-gallon  milk  cartons,  contributed  by  a 
local  dairy,  were  convenient  as  bait  containers.  The  top  half  of  the 
carton  was  cut  off  and  discarded.  The  lower  half  of  the  carton,  con- 
taining the  bait,  was  placed  in  the  bait  pan  of  the  fly  trap.  Cartons 
and  contents  were  discarded  after  each  trapping. 
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Usually,  two  or  more  traps  were  used  at  each  setting.  Trap  con- 
tents were  combined  to  make  up  one  collection.  The  number  of 
collections  varied  from  one  to  five  per  week. 

In  making  trap  collections,  the  upper  screened  component  of  the 
trap  unit  was  disengaged  from  the  bait  pan,  and  placed  in  a  metal 
can.  A  cotton  pad  soaked  with  chloroform  also  was  placed  inside 
the  can  and  enclosed  with  a  tight-fitting  lid.  The  trap  contents  were 
anesthesized  enroute  to  the  site  of  temporary  storage,  at  one  of  the 
university  outdoor  study  areas  nearby. 

Flies  were  transferred  to  cylindrical  pint-size  paper  cartons. 
Collection  data  (collection  number,  date,  site,  and  trapping  interval) 
were  written  on  each  carton.  The  cartons  were  then  left  uncovered 
inside  a  screened  cabinet  in  a  shelter  house.  After  several  days  of 
airing,  the  fly  collections  usually  were  sufficiently  deodorized  to  permit 
sorting  and  identification  in  the  laboratory.  Members  of  the  Muscidae 
and  Calliphoridae  were  identified  to  species  using  the  terminology  of 
Hall   (1)   and  Dodge   (H.  Rodney  Dodge,  personal  communication). 

Description  of  Study  Site 

The  study  site  was  an  open  dump  located  approximately  1  mile 
west  of  the  city  boundary  of  Muncie.  This  was  commonly  known 
as  the  county  dump.  It  also  was  used  to  some  extent  by  residents 
and  business  firms  from  the  city.  A  meat-packing  industry  used 
this  site  for  drainage  of  washed  hoofs,  hair  and  other  animal  waste 
products  temporarily  stored  in  truck  bodies.  Some  of  the  effluent 
was  discharged  into  a  nearby  stream.  Some  of  the  effluent  soaked 
into  the  ground.  In  addition  to  organically-impregnated  soil  from 
truck  drippings,  there  were  places  at  the  periphery  of  the  site  where 
the  actual  waste  products  were  dumped  or  spilled.  Heavy  production 
of  blow  flies  occurred  at  these  places. 

The  main  body  of  the  dump  often  contained  waste  grain,  animal 
excrement,  and  waste  vegetable  products.  Here,  house  flies  and  other 
members  of  the  Muscidae  were  produced.  All  considered,  the  study  site 
was  a  place  of  relatively  high  domestic  fly  production  each  year 
from  March  through  September.  In  the  late  1960's  bulldozers  leveled 
the  site.  The  dump  was  covered  with  compacted  earth  and  the  land  was 
reclaimed.  A  housing  area  has  been  developed  on  part  of  the  land 
where  the  dump  was  located. 

Results 

Approximately  82%  of  the  flies  trapped  were  Calliphoridae  (blow 
flies);  10%  were  Muscidae  (house  fly  and  relatives)  and  3%  were 
Sarcophagidae  (flesh  flies)  (Table  1). 

Two  species  constituted  most  of  the  Calliphoridae  which  were 
trapped — Phoenicia  sericata  (Meigen)  and  Phormia  regina  (Meigen). 
These  2  species  also  constituted  more  than  70%>  of  all  flies  collected. 
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Table  1.     Numbers   of   species   of   domestic   flies    trapped   in    Delaware    County,    Indiana, 

during  four  seasons. 


Spring,  1964 

No.           % 

Fall, 
No. 

1966 

% 

Spring,  1967 

No.          % 

Fall 

,  1967 

Total 

Species 

No. 

% 

No. 

% 

Calliphoridae 

Calliphora 

vicina 

166 

2.73 

57 

<1 

L59 

2.91 

75 

30.73 

457 

2.26 

Cynomyopsis 

cadaverina 

71(1 

11.68 

9 

<1 

67 

1.22 

11 

4.50 

7 '.17 

3.94 

Phaenicia 

sericata 

566 

9.31 

5041 

60.01 

1951 

35.73 

102 

41.80 

7660 

37.96 

Phormia 

regina 

3456 

56.87 

2004 

23.85 

1813 

33.21 

30 

12.29 

7303 

36.19 

Muscidae 

Fannia 

canicularis 

— 

— 

31 

<1 

247 

4.52 

2 

•     1 

280 

L.38 

Hydrotaea 

hough  ii 

— 

— 

— 

— 

245 

4.48 

— 

— 

245 

1.21 

Musca 

domestica 

_ 

_ 

663 

7.89 

294 

5.38 

2 

<1 

959 

4.75 

Muscina 

stabulans 

389 

6.40 

69 

<1 

271 

4.96 

S 

3.27 

737 

3.65 

Ophyra 

leucostoma 

438 

7.20 

120 

1.42 

11 

<1 

— 

_ 

569 

2.81 

Sarcophagidae 

Sarcophaga  spp 

.    106 

1.74 

14 

<1 

259 

4.74 

— 

— 

379 

I.S7 

1  Other 

246 

4.05 

391 

4.65 

142 

2.60 

14 

5.78 

793 

3.93 

Total 

6077 

8399 

5459 

244 

20,179 

No.     collections 

7 

22 

12 

4 

45 

Ave.    per    coll. 

868 

382 

455 

61 

UN 

1  Includes :  Calliphora  livida,  C.  tcrrae-novae,  C.  vomitoria,  Callitroga  macellaria, 
Lucilia  illustris,  Protophormia  terrae-novae,  Pollenia  rudis,  Fannia  canicularis,  Fucellia 
furcorum,  Hydrotaea  lata,  H.  houghii,  Muscina  assimilis,  Ophyra  aenescens,  Pegomya 
varigata,  Pyrellia  cyanicolor,  Scatophaga  furcatum,  S.  stercorarium,  Chrysomyza  de- 
mandata,    Euxesta    notata,    Notogramma    stigma,    and    Meroplius    stercorarius. 


It  is  not  surprising  that  Phaenicia  sericata  was  abundant.  In  the 
study  reported  by  Schoof,  Savage  and  Dodge,  (5,  6),  P.  sericata  con- 
stituted 35%  or  more  of  trap  collections,  either  in  1949  or  1950,  in 
4  locations  in  the  United  States.  In  the  same  study,  P.  sericata  made 
up  approximately  70%  of  the  flies  trapped  in  the  vicinity  of  Troy,  New 
York.  For  these  periods  extending  from  June  23  to  November  10, 
Thomas  reported  that  P.  sericata  made  up  21%  of  the  flies  trapped  in 
the  vicinity  of  Lafayette,  Indiana  (7).  This  species  is  commonly  seen 
around  homes,  and  larvae  have  been  collected  from  garbage  cans 
in  Muncie.  In  Europe,  the  species  is  reported  to  be  closely  associated 
with  man  in  the  northern  part  of  its  range,  but  less  dependent  on 
man  as  its  range  extends  southward  (3). 

The  abundance  of  Phormia  regina  (black  blow  fly)  is  somewhat  sur- 
prising. The  highest  incidence  for  P.  regina  reported  by  Schoof  (5,  6)  in 
the  five  areas  where  flies  were  trapped  was  in  the  vicinity  of  Muskegon, 
Michigan.    There   P.   regina  made   up   25.7%    of  flies   trapped   in   1950. 


302  Indiana  Academy  of  Science 

However,  Thomas  (7)  reported  an  incidence  of  45.6%  from  June  to 
November  for  P.  regina  in  the  vicinity  of  Lafayette,  Indiana,  with 
P.  regina  constituting  47.9%  of  the  catch  from  June  23  to  August  18. 

There  is  no  clear-cut  explanation  for  the  success  of  the  black 
blow  fly  in  Indiana.  Preliminary  results  from  an  on-going  study 
indicate  that  the  adult  stage  is  the  mode  of  overwintering  for  Phormia 
regina.  Presently,  we  are  attempting  to  develop  a  cold  hardy  colony 
of  P.  regina  at  Ball  State  University  from  progeny  of  a  few  females 
which  survived  overwintering  in  an  unheated  outbuilding  in  Muncie 
in  1969-70. 

Although  Phormia  regina  can  be  reared  at  mean  temperatures  as 
high  as  88 °F,  it  characteristically  is  a  cool-weather  fly.  In  Phoenix, 
Arizona,  it  virtually  disappeared  in  summer,  and  the  frequency  of  its 
occurrence  was  greatest  in  spring  and  fall.  According  to  Hall  (1), 
its  distribution  is  Holarctic,  but  it  is  commonly  found  during  spring 
and  fall  throughout  the  United  States. 

Indiana  evidently  provides  climatic  conditions  near  optimum  for 
the  propagation  of  Phormia  regina,  since  production  may  begin  in  early 
spring  with  eggs  laid  by  overwintering  females,  and  continue  undimin- 
ished throughout  spring,  summer  and  fall. 

Cynomyopsis  cadaverina  and  Calliphora  vicina  are  bluebottle  flies, 
in  the  tribe  Calliphorini.  The  relative  numerical  abundance  of  these 
species  in  this  study  is  in  agreement  with  data  obtained  by  Thomas 
(8).  These  species  characteristically  are  cool-weather  flies,  but  they 
were  observed  in  Delaware  County  throughout  the  summer. 

Musca  domestica  L.  (house  fly)  was  absent  from  collections  in  1964, 
and  declined  in  incidence  in  1967,  as  compared  with  1966.  Autumn 
appeared  to  be  the  peak  season  for  house  flies.  The  abundance  of 
M.  domestica  often  is  related  to  certain  local  industries,  such  as  food 
processing.  Population  pressure  from  such  production  foci  as  tomato 
processing  plants  may  result  in  infiltration  of  house  flies  throughout 
entire  residential  areas  of  cities  and  towns.  This  was  observed  in 
Delaware  County  in  the  late  1950's,  and  more  recently  in  other  Indiana 
communities.  The  threat  of  enteric  disease  outbreaks  in  communities 
where  mass  production  of  house  flies  occurs  should  be  recognized  by 
public  health  officials.  City  and  county  health  officers  should  instruct 
sanitarians  under  their  direction  to  exercise  strict  authority,  and  to 
require  environmental  sanitation  practices  at  vegetable  processing 
plants  during  the  canning  season.  Source  reduction  of  production  media 
at  these  sites  should  contribute  substantially  in  stemming  the  threat 
of  fly  transmission  of  enteric  diseases  in  the  community. 

With  regard  to  other  Muscidae,  Muscina  stabulans  exceeded  M. 
assimilis  in  numerical  abundance;  likewise  Ophyra  leucostoma  was 
more  abundant  than  O.  aenescens.  These  findings  are  in  agreement  with 
those  of  Schoof  et  al.  (4)  for  five  sites  in  various  parts  of  the  United 
States. 
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All  members  of  the  Sarcophagidae  trapped  belonged  to  the  genus 
Sarcophaga.  None  of  these  was  identified  to  species.  In  addition 
to  Calliphoridae,  Muscidae  and  Sarcophagidae,  the  following  families 
were  represented:   Otitidae,  Sepsidae,  and  Anthomyiidae. 

Average  weekly  temperatures  for  the  spring  of  1964  varied  from 
a  low  of  36° F  to  a  high  of  60  °F,  with  a  mean  for  the  period  of  46.36 °F. 
Precipitation  for  March  totalled  7.27  inches;  for  April  the  measurable 
precipitation  totalled  12.74  inches.  For  the  fall  of  1966,  average  weekly 
temperatures  varied  from  a  low  of  36.5  °F  to  a  high  of  60.6°  F,  with 
a  mean  for  the  period  of  49.9  °F.  Precipitation  for  this  fall  period 
totalled  4.83  inches.  Average  weekly  temperatures  for  the  spring  of 
1967  varied  from  a  low  of  35.8  °F  to  a  high  of  72.5  °F,  with  an  ap- 
proximate mean  for  the  period  of  55.8  °F.  Rainfall  for  this  spring 
period  totalled  10.71  inches.  Collections  during  the  fall  period  of 
1967  were  limited  to  the  week  of  November  12.  During  that  week 
average  temperatures  ranged  from  a  low  of  32.5  °F  to  a  high  of 
42.5  °F,  with  an  approximate  mean  of  37.6 °F.  The  comparatively  low 
average  of  flies  collected  per  trap  collection  (61)  probably  was  due 
to  low  prevailing  temperatures  for  that  week. 


Conclusions 

Results  of  preliminary  studies  of  domestic  fly  populations  in 
Delaware  County,  Indiana,  indicate  that  the  numerical  ratio  of  blow 
flies  to  house  flies  was  approximately  8:1  during  spring  and  fall  of 
1964,  1966  and  1967.  Two  species,  Phaenicia  sericata  and  Phormia 
regina,  were  the  dominant  blow  flies. 

In  comparison  with  reported  numerical  abundance,  based  on  a 
similar  population  sampling  method,  Phormia  regina  was  more  preva- 
lent in  the  study  area  than  in  some  other  parts  of  the  United  States. 
This  species  appears  to  be  quite  well  adapted  to  Indiana  conditions. 

House  flies  were  more  abundant  during  the  fall  than  spring.  This 
species  is  associated  with  food  processing  industries,  and  its  prevalence 
often  coincides  with  the  peak  of  activity  at  tomato  canning  plants 
in  Indiana.  More  data  are  needed  in  order  to  establish  seasonal  trends, 
or  succession  of  species  in  relation  to  temperature  and  rainfall. 
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Abstract 

Observations  were  made  of  the  gross  changes  to  embryos  of  codling  moth,  Las- 
peyresia  pomonella  (L.),  and  red-banded  leaf  roller,  Argyrotaenia  velutinana  (Walker), 
at  various  ages  and  the  relationship  of  the  eggs  of  these  species  to  the  egg  parasite, 
Trichogramma  minutum  Riley.  Codling  moth  and  red-banded  leaf  roller  eggs  were 
suitable  hosts  for  complete  parasite  development  within  2  days  and  4  days  of  host 
oviposition,  respectively.  Older  eggs  could  be  killed  by  repeated  parasite  ovipositional 
"stings"  but  did  not  support  parasite  developmnt. 

Field  experiments  to  suppress  codling  moth,  Laspeyresia  pomonella 
(L.),  and  red-banded  leaf  roller,  Argyrotaenia  velutinana  (Walker), 
with  inundative  releases  of  a  local  strain  of  Trichogramma  minutum 
Riley  require  that  the  host:  parasite  relationships  be  studied  so  that 
prospects  for  success  be  enhanced.  Some  of  these  relationships  and 
the  rearing  method  of  T.  minutum  on  codling  moth  and  red-banded 
leaf  roller  eggs  at  the  Humid  Areas  Deciduous  Fruit  Insects  Investi- 
gations laboratory  at  Vincennes,  Indiana,  were  described  (2).  The 
objectives  of  this  experiment  were  to  determine:  1)  development  of 
the  parasitized  host  embryo;  2)  relationship  of  age  of  the  host  egg 
to:    a)   attractiveness  to  the  parasite  and  b)   parasite  development. 

Materials  and  Methods 

Codling  moth  and  red-banded  leaf  rollers  were  reared  as  described 
by  Cleveland  (1).  Moths  were  allowed  to  oviposit  on  waxed  paper 
(9x6  inches)  for  24  hours  in  chambers  with  continuous  light.  The 
eggs  on  the  waxed  paper  were  then  placed  in  a  wooden  box,  36x18x24 
inches,  with  a  glass  top.  The  boxes  were  exposed  to  continuous 
fluorescent  light,  78-84  °F,  and  70-73%  relative  humidity.  Sections  of 
paper  containing  20  scattered  codling  moth  eggs  or  about  100  red- 
banded  leaf  roller  eggs  in  1-2  masses,  were  snipped  from  the  egg 
sheets  and  introduced  into  another  wooden  box  containing  about  4000 
adult  Trichogramma  minutum  for  a  1-day  exposure  to  the  parasites. 
At  24-hour  intervals,  similar  sections  of  eggs  were  removed  from  the 
original  egg  sheets  and  placed  into  the  parasite  chamber  to  replace 
the  eggs  that  had  been  exposed  to  T.  minutum  for  24  hours.  The 
latter  were  then  returned  to  the  first  glass-topped  box.  This  exchange 
and  rotation  of  egg  samples  continued  until  eclosion  of  unparasitized 
host  eggs  on  the  original  egg  sheets  was  completed.  Sections  of  egg 
sheets  that  were  not  exposed  to  the  parasites  were  used  as  a  check 
and  for  observations  of  the  development  pattern  of  the  host  embryos. 


1  Present  address:  Beltsville,  Md.  20705. 
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Daily  observations  of  parasite  and  host  embryonic  activity  were 
made  by  viewing  the  sheets  through  the  glass-topped  boxes.  All  eggs 
were  examined  daily  under  a  binocular  microscope  during  the  course 
of  the  experiment. 

Host  eggs  that  died  between  observations  were  detectable  by  the 
cessation  of  development  and  changes  in  shape  and  color  due  to  dessica- 
tion  and  decomposition. 


Results  and  Discussion 

The  development  pattern  for  the  unparasitized  eggs  of  both 
species  of  moths  was  similar  and  readily  observed  with  a  binocular 
microscope  without  disturbing  the  eggs.  Newly  laid  eggs  of  codling 
moth  are  translucent  white  and  those  of  red-banded  leaf  roller  are 
translucent  yellow.  An  opaque  peripheral  ring  soon  forms  with  a 
stalk  that  terminates  at  the  center  of  the  egg.  The  embryo  is  attached 
to  the  end  of  this  stalk  and  becomes  more  conspicuous  as  it  increases 
in  size  and  recognizable  features  form.  Eventually,  dark  eye-spots 
and  then  well-defined  intersegmental  lines  of  the  abdomen  appear. 
The  mandibles,  head  capsule,  and  prothoracic  shield  become  conspicuous 
and  then  darken  in  pigmentation.  The  mature  embryo  fills  the  egg 
shell  cavity  in  a  curled  position  and  may  be  seen  moving  its  mandibles 
side  to  side  before  it  cuts  the  shell  and  emerges. 

Under  these  conditions,  development  of  the  embryo  was  more  rapid 
in  codling  moth,  and  hatching  began  in  4-5  days  from  oviposition  and 
was  completed  by  6  days.  The  leaf  roller  eggs  did  not  begin  to  hatch 
until  6-7  days  old  and  10  days  lapsed  before  eclosion  was  terminated 
(Table  1). 

The  results  of  the  codling  moth  eggs  exposed  to  the  parasites  are 
shown  in  Table  2.  Although  the  number  of  eggs  available  was  low, 
there  are  indications  that  eggs  in  the  0  to  1  and  1  to  2-day-old  classes 
are  readily  parasitized  and  that  successful  development  and  emergence 
of  T.  minutum  follow.  Eggs  in  the  2  to  3-day-old  range  may  be 
parasitized  in  low  numbers,  particularly  the  youngest  eggs  of  the 
group.  In  this  test,  the  few  older  eggs  with  well-developed  host 
embryos  evidently  did  not  support  the  development  of  T.  minutum. 
This  phenomena  was  observed  by  the  senior  author  in  the  laboratory 
colony  on  numerous  occasions,  as  well.  Codling  moth  eggs  with  small 
embryos  may  be  parasitized,  but  those  with  larger  embryos  at  the 
pigmented  eye-spot  stage,  or  older,  are  apparently  able  to  suppress 
parasite  development.  Peterson  (5)  reported  similar  findings  when  he 
observed  that  parasitism  by  T.  minutum  would  stop  host  embryonic 
development  in  codling  moth  and  oriental  fruit  moth,  Grapholitha 
molesta  (Busck),  up  to,  but  not  beyond,  the  time  that  the  host  larva 
acquired  a  well-developed  head.  In  his  study,  oriental  fruit  moth 
embryos  reached  this  stage  of  development  in  56-72  hours. 

With  a  slower  development  rate,  it  is  evident  that  the  3  to  4-day- 
old  eggs  of  red-banded  leaf  roller  may  be  successfully  parasitized  and 
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Table  1.     Development     pattern     of     unparasitized     codling     moth     and     red-banded     leaf 

roller  eggs. 

Age  of  eggs 

in  days  Condition   of  codling   moth   eggs 

0-1  Translucent    with     an     opaque    peripheral     ring    with     stalk     leading    into 

egg  center 
1-2  Small   embryo   at  apex   of  stalk.   30%   of  eggs   dead   and  dessicating. 

2-3  As   in    preceding    to    larger   embryos    with    eye   spots,    abdominal    segments. 

45%  of  eggs  dead  and  dessicating. 
3-4  Embryos     with     eye     spots     to     well-developed     embryos     with     dark     head 

capsules    and    prothoracic    shields    in    equal    numbers    of    both    types. 
4-5  Well-developed  embryos.  Beginning  of  eclosion. 

5-6  Eclosion  completed.  50%  of  eggs  dead  and  dried. 

Condition  of  red-banded  leaf  roller  eggs 

0-1  Translucent  with  scattered  opaque  bodies. 

1-2  Formation    of    an    opaque    peripheral    ring    with    stalk    leading    into    egg 

center. 

2-3  Similar   with    above   structures    better    defined.     Small    embryo    at    apex    of 

stalk. 

3-4  Embryos  larger  with  eye  spots. 

4-5  No  obvious  change. 

5-6  Mandibles     sclerotized.     Some    embryos     can     move     head     and     mandibles. 

Sterile  and  dead  eggs  are  semi-dehydrated. 

6-7  All    embryos    have    sclerotized    mandibles.     Embryos    are    inactive    or    are 

chewing  chorion.  Beginning  of  eclosion. 

7-8  Eclosion  about  80%,  completed. 

8-9  Eclosion  about  90%  completed. 

9-10  Eclosion    about    100%    completed.    25%    of    total    eggs    are    dead    and    semi- 

dehydrated. 


a  few  are  susceptible  1  day  later  (Table  3).  A  few  5  to  6-day-old  eggs 
were  parasitized  but  T.  minutum  died  before  emerging.  Unlike  codling 
moth  eggs  at  that  stage,  successful  parasitization  was  effected  in 
leaf  roller  eggs  containing  host  embryos  with  eye  spots. 

In  this  experiment,  56.3%  of  the  codling  moth  eggs  and  52.7% 
of  the  red-banded  leaf  roller  that  were  parasitized  (as  evidenced  by 
darkened  egg  chorion)  did  not  produce  live  adult  T.  minutum. 

All  eggs  of  both  species  in  different  stages  were  attractive  to 
T.  minutum  females  in  some  degree  and  elicited  an  ovipositional  re- 
sponse. Females  were  attracted  to  newly-introduced  red-banded  leaf 
roller  eggs  and  up  to  3-4  females  were  observed  simultaneously  ovi- 
positing on  the  same  egg  mass.  In  a  typical  oviposition  behavioral 
pattern,  the  female  moves  back  and  forth  (within  a  few  body  lengths) 
on  an  egg  mass,  while  touching  the  egg  with  her  antennae.  Eventually, 
she  stops,  depresses  her  abdomen,  and  unsheathes  the  ovipositor,  a 
hair-like    structure.     This    takes    about    10    seconds.     The    ovipositor   is 
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inserted  through  the  chorion  until  the  abdomen  is  very  close  to  the 
host  egg.  While  the  female  is  ovipositing-,  the  sheath  is  held  at  about 
a  45°  angle,  her  ovipositor  is  perpendicular  and  the  abdomen  rotates 
360°  as  the  ovipositor  is  drilled  into  the  egg.  The  female  then  sits 
motionless  for  about  10  seconds  as  the  eggs  are  deposited.  After  egg 
deposition  is  completed,  she  withdraws  the  ovipositor.  It  was  observed 
that  younger  host  eggs  are  more  attractive  to  the  female  than  older 
ones.  When  the  parasites  were  exposed  to  3  to  4-day-old  codling 
moth  eggs,  they  showed  an  immediate  preference  for  eggs  containing 
the  younger  embryos  at  the  early  eye-spot  stage  and  initially  ignored 
eggs  containing  embryos  with  dark  head  capsules  and  prothoracic 
shields.  Male  T.  minutum  seeking  mates  often  disrupted  the  oviposi- 
tional  behavior  pattern  of  the  females. 

The  older  eggs  introduced  into  the  parasite  chamber  did  not  pro- 
duce parasite  progeny  but  the  host  survival  to  a  successful  eclosion 
was  much  lower  than  in  the  check.  It  is  suspected  that  multiple  ovi- 
position  punctures  by  the  parasites  resulted  in  a  moisture  loss  that 
indirectly  resulted  in  embryonic  mortality.  Fully-developed  host  embryos 
moving  under  the  chorion  were  not  adversely  affected  by  these  punctures 
when  exposed  to  the  parasites. 

The  presence  of  a  well-developed  embryo  is  not  a  deterrent  to 
successful  T.  minutum  parasitism  in  all  lepidopterous  species,  however. 
More  than  half  of  the  eggs  of  cabbage  loopers,  Trichoplusia  ni 
(Hubner),  exposed  to  egg  parasites  could  be  successfully  parasitized 
in  63-hour-old  eggs,  the  age  when  some  eggs  began  to  hatch  (4). 
Parasitism  of  the  eggs  of  the  almond  moth,  Cadra  cautella  (Walker), 
by  T.  evanescens  Westwood  occurred  even  when  the  host  embryo  had 
formed  head  capsules  (3),  although  only  in  numbers  of  10%  while  the 
check  had  93%  parasitism. 

From  our  studies,  we  conclude  that  for  successful  parasitization 
codling  moth  eggs  must  be  "stung"  within  2  days  of  oviposition  and 
red-banded  leaf  roller  eggs  within  3-4  days.  Older  eggs  with  well- 
developed  embryos  may  not  be  the  subject  of  successful  T.  minutum 
parasitization,  but  the  egg  may  be  killed  by  repeated  ovipositional 
punctures. 
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A  Systematic  Theory  of  Silicification.  William  W.  Davis,  Eli  Lilly 
and  Company,  Indianapolis,  Indiana  46206. — — A  theory  was  presented 
in  which  the  contact  of  carbonic  acid  with  soluble  silicate  bearing 
waters  under  a  variety  of  explicit  circumstances  causes  the  deposition 
of  silica  in  its  several  forms.  These  processes  include  its  crystallization 
as  1)  macroscopic  quartz  crystals,  or  2)  microscopic  needle  crystals 
of  low  temperature  quartz,  commonly  referred  to  as  chalcedony,  or 
3)  the  formation  of  common  opal,  which  is  hydrous  silica. 

The  peculiar  alternation  between  deposition  of  chalcedony  and  quartz 
often  seen  in  agate  nodules  is  believed  to  be  due  to  change  in  the 
surface  tension  of  the  solution  from  which  silica  separation  occurs. 
The  occurrence  also  of  common  opal  often  interspersed  between  quartz 
and  chalcedony  deposition  was  also  discussed. 

The  primary  data  upon  which  this  theory  rests  are  microscopic  struc- 
tural details  made  visible  by  a  special  optical  system.  Photographic 
slides  of  this  structural  detail  were  shown  and  discussed  in  connection 
with  the  implications  of  the  theory.  The  optical  photographic  method 
was  applied  to  lap-ground  polished  sections  of  siliceous  stones.  The 
detail  which  was  revealed  derives  from  the  chronological  sequence  of 
events  in  the  process  of  formation. 

Some  Physical  Factors  Concerning  Land  Use  on  the  Mitchell  Plain  of 
South-Central  Indiana.  Richard  L.  Powell,  Indiana  Geological  Sur- 
vey, 611  N.  Walnut  Grove,  Bloomington,  Indiana  47401. The  Mitchell 

Plain  of  south-central  Indiana  is  a  karst  plateau  characterized  in  part 
by  subterranean  drainage  fed  through  sinkholes  and  sinking  streams. 
The  uneven  bedrock  surface  is  mantled  with  clay,  sand,  loess,  and 
gravel.  These  materials  are  of  varied  origin  and  include  alluvial  sedi- 
ments, weathering  residues,  lacustrine  sediments,  colluvium,  solifluction 
debris,  convoluted  periglacial  material,  and  collapse  debris.  Where 
unconsolidated  materials  are  thin,  subterranean  drainage  prevails; 
where  the  cover  is  thick,  surface  drainage  predominates. 

Most  of  the  area  of  the  Mitchell  Plain,  excepting  flood  plains, 
is  marginal  as  cultivatable  land,  owing  to  the  clayey  and  stoney  nature 
of  the  soil  and  the  resultant  rapid  runoff,  which  creates  an  erosion 
hazard.  Residential  use  is  limited  by  the  generally  inadequate  and 
unsafe  groundwater  supply,  by  difficulty  in  developing  surface  water 
supplies,  and  by  lack  of  soil  permeability  adequate  to  dispose  of  septic 
tank   effluent.    In   addition,   urban   and   industrial   development   is   ham- 
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pered  by  foundation  and  subsurface  construction  problems  related 
to  the  uneven  bedrock  surface,  the  cavernous  nature  of  the  bedrock, 
the  varied  and  unpredictable  thickness  of  unconsolidated  materials, 
and  the  expansive  behavior  of  the  clay. 

Inadequate  preconstruction  planning  and  site  testing  by  architects 
results  in  increased  construction  costs  or  damage  to  completed  struc- 
tures owing  to  collapse,  squeezing,  sapping,  piping  or  erosion  of  dis- 
turbed unconsolidated  sediments,  and  flooding  caused  by  disruption  of 
normal  surface  and  subsurface  drainage  channels. 

Nearly  all  current  land  use  practices  contribute  to  rapid  runoff, 
surface  erosion,  excessive  flooding,  stream  and  groundwater  pollution, 
and  sedimentation  of  surface  and  subsurface  drainage  routes. 

Quantitative  Measurement  of  Rock  Textures.  Nelson  G.  Ludwig  and 
Terry    R.    West,    School    of    Civil    Engineering,    Purdue    University, 

Lafayette,     Indiana     47909. Utilizing     newly     developed     microscope 

techniques,  quantitative,  textural  measurements  of  selected  carbonated 
aggregates  from  Indiana  and  Wisconsin  were  made  in  thin  section. 
Numerical  values  were  obtained  for  specific  surface,  grain  angularity, 
sphericity,  grain  diameter  and  interlock.  The  overall  research  objective 
was  to  qualify  rock  texture  measurements,  establish  the  utility  of  the 
new  measurement  techniques,  and  determine  the  relationship  between 
the  textural  parameters  and  the  physical  strength  of  the  rocks  studied. 

Some  standard  highway  materials  tests  were  performed  on  the 
aggregates.  Preliminary  results  indicate  good  correlation  between 
textural  measurements  and  the  highway  test  values.  Findings  from 
this  study,  which  are  a  portion  of  continuing  research  on  rock  texture, 
contribute  to  the  basic  understanding  of  engineering  properties  of 
rocks. 

Decision-making  and  the  Spatial  Campus.  William  D.  Brooks,  De- 
partment of  Geography  and   Geology,   Indiana   State   University,   Terre 

Haute,    Indiana    47809. Any    area    of    the    earth's    surface    exhibits 

a  complex  but  functional  land-use  pattern  adjusting  to  socio-economic 
requirements.  It  is  obvious  that  these  land-use  patterns,  when  subjected 
to  close  inspection,  reveal  an  agglomeration  of  features  occurring 
in  association  with  linkages  of  a  reciprocal  nature,  thus  supporting  a 
concept  of  interdependence  that  is  a  consequence  of  specialization  of 
activity. 

One  specialized  activity  of  man  that  manifests  a  peculiar  land- 
use  pattern  is  education,  in  particular  higher  education.  The  spatial 
distribution  of  individual  components  on  the  bounded  campus  represents 
a  physical  structure.  Juxtaposed  is  a  decision-making  or  functional 
organization  which  together  with  the  physical  structure  can  be  per- 
ceived as  a  spatial  system.  Unlike  the  physical  structure,  which  is 
tangible  and  passive,  the  functional  organization  is  intangible  and 
dynamic.     The    functional    organization    with    its    decision-making   is    a 
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space  adjusting  process  with  the  ability  to  induce  changes  in  the 
spatial  system.  The  changes  that  occur  are  disruptive  or  cohesive 
in  nature.  Since  the  relationship  between  the  physical  structure  and 
the  functional  organization  is  reciprocal  in  nature  it  follows  that  a 
change  in  one  component  prompts  a  change  in  another.  A  realignment 
of  the  total  spatial  system  may  result. 

Preliminary  findings  from  analysis  of  31  campuses  in  Indiana 
identify  a  number  of  disruptive  and  cohesive  forces  affecting  the 
peculiar  structure  and  interaction  of  the  spatial  system  that  is  the 
bounded  campus. 

Temperature  Percentiles  for  Anderson,  Indiana.  Charles  W.  Miller, 
Thomas  R.  Harbron  and  Thomas  McLaughlin,  Department  of  Phys- 
ics,   Anderson     College,     Anderson,     Indiana    46011. Official     records 

of  the  daily  high  and  low  temperatures  have  been  kept  for  Anderson, 
Indiana,  since  June  1,  1895.  This  data  was  transferred  to  punch  cards 
from  the  National  Weather  Service  observing  forms,  and  an  IBM  1620 
computer  was  used  in  constructing  selected  temperature  percentiles 
from  this  data  utilizing  a  Fourier  Analysis  of  the  daily  percentile  points. 
These  percentiles  can  be  utilized  in  statistical  forecasting  of  tempera- 
ture extremes  for  central  Indiana.  These  percentiles  also  show  some 
unexpected  deviations  from  the  seasonal  temperature  patterns. 

NOTE 

Resolving  Parallel  Problems  in  Geography  Classification  under  the  Dewey 
Decimal  and  Library  of  Congress  Systems.  Alfred  H.  Meyer,  Depart- 
ment of   Geography,  Valparaiso   University,  Valparaiso,   Indiana   46383. 

Scouting  in  the  library  for  texts,  journals,  and  reference  materials 

of  a  distinctive  geographic  character,  authored  by  professional  geog- 
raphers, and  recognized  as  geography  by  publishers  reminds  one  of 
the  definition  of  geography  as  "The  science  of  spatial  distribution." 
Indeed,  systematic  geography  materials  are  so  widely  distributed  on 
various  discontinuous  sections  of  shelves,  stacks,  and  multiple  floors 
that  it  may  take  as  much  time  to  bring  them  together  for  reference 
readings  or  research  as  is  spent  in  using  them. 

Both  the  Dewey  Decimal  and  the  Library  of  Congress  classification 
systems  have  been  reviewed  for  discrepancies  and  other  deficiencies 
in  classification  and  collocation  of  geographic  materials.  In  1944-45 
a  questionnaire  was  circulated  to  librarians  to  determine  the  Dewey 
Decimal  classification  status  of  selected  books  of  distinctive  geographic 
content  and  authorship.  The  data  were  graphically  portrayed  in  a 
wheel  chart  to  show  1)  the  discrepant  and  dispersed  indexing  and 
shelving,  and  2)  suggested  solution  of  the  mis-classification  problem 
(1).  Over  160  respondents  (librarians  and  geographers),  including 
several  from  abroad — England  and  Germany — acknowledged  the  long- 
overdue  demands  for  a  revision  that  properly  places  geography  in  its 
true  classification  perspective. 

Now  that  the  more  "sophisticated"  Library  of  Congress  System 
has  displaced  the   Dewey   Decimal   system   in  a  growing  number  of  li- 
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braries,  a  parallel  problem  of  the  Library  of  Congress  was  considered  in 
light  of  the  experiences  with  the  Dewey  Decimal  system.  Comparisons 
and  differences  were  noted.  The  Library  of  Congress  catalogues  and 
collocates  regional  works  (except  the  Arctic,  Antarctic  and  Greenland) 
in  History,  while  most  of  the  works  in  systematic  publications  in 
geography  are  dispersed  among  subject-related  classes.  Representative 
examples  were  noted  in  each  case;  incongruities  evaluated;  and 
library  classification  professional  sources  were  quoted  relevant  to 
problems  and  revisions.  It  is  our  plea  that  geographers  cooperate  with 
their  local  librarians  and  officials  of  the  Library  of  Congress  to  utilize 
what  has  been  called  the  "hospitality"  expansion  feature  to  effect  a 
truly  geographic  section  in  the  library. 

We  submit  that  proper  unification  will  then  also  materially  estab- 
lish the  proper  unitary  image  of  geography  as  a  distinct  professional 
field  of  learning  and  research. 
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Indiana  Climate  and  Corn  Production:  1960-1969 

Neil  V.  Weber 
Department  of  Geography  and  Geology- 
Indiana  State  University,  Terre  Haute,  Indiana  47809 

Abstract 

The  relationship  between  two  climatic  variables  and  corn  production  within  the 
Indiana  Corn  Belt  during  the  past  decade  was  tested  quantitatively.  Simple  and 
multiple  correlation  coefficients  computed  for  the  study  sample  showed  minimal  linear 
relationship  between  the  dependent  variable  (seasonal  corn  yield)  and  the  independent 
variables  (growing  degree  days  and  precipitation).  The  climate  during  the  past  decade 
apparently  played  a  minor  role  in  explaining  the  seasonal  variation  in  corn  yields  in  the 
Indiana  Corn  Belt.  This  phenomenon  is  believed  to  be  attributed  to  two  primary  factors: 
1 )  generally  favorable  weather  combined  with  a  lack  of  critical  variation  in  the  climate 
of  the  Indiana  Corn  Belt  (particularly  during  the  growing  season  of  corn);  and  2)  the 
introduction  of  variables  which  aid  in  controlling  yields  from  season  to  season  (i.e. 
mechanization;  fertilization;  hybridization). 

Introduction 

With  the  advance  of  scientific  farming  and  continued  mechaniza- 
tion, many  of  the  variables  previously  affecting  corn  yields  can  now  be 
controlled  from  one  season  to  the  next.  Problems  concerning  drainage, 
soil  fertility  and  hybrid  variety  are  no  longer  viewed  as  threats  to 
production  consistency. 

One  variable,  however,  which  cannot  be  controlled  is  the  micro- 
climate for  a  given  area.  It  fluctuates  from  season  to  season  and  from 
day  to  day.  Although  meteorological  phenomena  cannot  be  held  con- 
stant, it  is  possible  to  statistically  analyze  potential  trends  in  the 
weather  and  project  (within  certain  error  limits)  future  tendencies 
based  on  previous  occurrences.  This  tells  the  farmer  what  climatic 
factors  are  crucial  to  high  yields  and  if  certain  portions  of  the  growing 
season  are  especially  critical. 

Regional  research  of  this  nature  has  been  published  for  the 
Midwestern  Corn  Belt  (3,  7,  8,  10,  11,  14).  Somewhat  larger-scaled 
analyses  have  been  conducted  in  Illinois  (9),  Indiana  (6,  13),  Kansas 
(1,  5)  and  Nebraska  (2).  A  minimal  amount  of  current  quantitative  re- 
search, however,  can  be  found  concerning  the  Indiana  Corn  Belt. 

My  aim  is  to  update  the  agricultural-climatological  statistics  for 
this  portion  of  the  Corn  Belt.  More  specifically,  this  study  is  designed 
to  test  the  relationship  between  two  climatic  parameters  (growing 
degree  days  and  precipitation)  and  corn  production  within  Indiana 
during  the  past  decade. 

Growing  degree  days  provide  an  updated  method  of  computing 
thermal  effectiveness  for  particular  crop  yields.  This  is  a  more 
reliable  index  than  mean  daily  temperature  readings  because  distinct 
echelon  levels  for  individual  crops  are  incorporated  into  the  growing- 
degree-day  statistic.  Temperatures  above  90  °F  and  below  50  °F  are 
not  conducive  to  effective  corn  growth.  The  statistic  is  therefore 
adjusted  to  reflect  such  conditions  (1). 
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Delineation  of  Study  Area 

This  study  encompasses  a  relatively  homogeneous  area  of  approxi- 
mately 28,500  square  miles  of  Indiana — the  northern  two  thirds  of 
the  state  (Fig.  1).  The  60  counties  included  in  the  study  area  lie 
within  the  Wisconsin  glaciated  portion  of  Indiana.  The  topography 
of  the  area  is  nearly  flat  to  gently  rolling. 


0  20         40 

1  I  I 

Miles 


southern    extent 
Wisconsin  glaciation — 

o    sample    stations 


Figure  1.     Counties  and  sample  stations  included  in  study. 


The    region    of    intense    corn    production    for    the    state    of    Indiana, 
as    delimited    by   Vinge    and    Vinge    (2),    coincides    with    the    boundaries 
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Wayne    (3)    proposed  for  Wisconsin   glaciation   in  Indiana.    This   study 
is  restricted,  therefore,  to  the  glaciated  northern  %  of  the  state. 

Procedure 

A  random  sample  of  15  stations  was  selected  for  the  correlation 
analysis  (Fig.  1).  Correlation  coefficients  were  calculated  between  the 
dependent  variable  (seasonal  corn  yield  in  bu/acre)  and  two  independent 
variables  (monthly  growing  degree  days  and  monthly  precipitation). 
Simple  correlations  and  multiple  correlations  were  computed  for  each 
month  of  the  growing  season  (April-August)  and  for  cumulative  figures 
of  each  complete  growing  season. 

Data  Sources 

The  statistics  used  in  this  study  were  generated  from  county 
data  for  the  15  sample  locations.  The  following  three  factors  were 
analyzed:  diurnal  range  in  temperature  (used  in  the  computation  of 
monthly  growing  degree  days),  total  monthly  precipitation  and  annual 
corn  yields. 

The  climatological  data  were  taken  from  Climatological  Data  for 
Indiana:  1960-1969,  published  by  the  U.  S.  Dep.  Comm.  Corn  yield 
values  are  from  the  U.  S.  Dep.  Agr.  publication  Indiana  Crops  and 
Livestock- Annual  Crop  Summary:  1960-1969. 

Results 

Results  from  the  study  showed  annual  yields  averaging  83.99 
bu/acre.  Yields  ranged  from  a  minimum  of  48.1  bu/acre  in  Blackford 
County  in  1964  to  over  110.00  bu/acre  in  Benton  County  in  1969. 
April  had  a  mean  of  73.51  growing  degree  days,  May  averaged  224.84, 
June  averaged  531.48,  July  had  673.20  and  August  averaged  602.51. 
Total  rainfall  throughout  the  growing  season  (April-August)  averaged 
18.48  inches.  Mean  rainfall  for  April  was  3.73  inches,  May  averaged 
3.76  inches,  June  averaged  3.45  inches,  July's  mean  was  3.90  inches 
and  August  averaged  3.65  inches. 

Simple  correlation  coefficients  calculated  between  monthly  pre- 
cipitation and  seasonal  yield  ranged  from  —0.27  in  June  to  +0.42 
in  April  (Table  1).  A  simple  correlation  of  +0.20  was  computed 
between  cumulative  seasonal  precipitation  and  seasonal  yield.  Simple 
correlation  coefficients  between  monthly  growing  degree  days  and 
seasonal  yield  ranged  from  —0.30  in  April  to  a  +0.36  in  May.  The 
simple  correlation  coefficient  between  cumulative  seasonal  growing 
degree  days  and  seasonal  yield  was  computed  to  be  +0.20. 

Multiple  correlation  coefficients  computed  between  monthly  precipi- 
tation— monthly  growing  degree  days  and  seasonal  yield  ranged  from 
0.32  in  August  to  0.45  in  April  (April  =  0.45;  May  =  0.36;  June 
=  0.44;  July  =  0.35;  August  =  0.32;  Total  =  0.26).  The  multiple 
correlation  coefficient  between  cumulative  seasonal  precipitation — cumu- 
lative seasonal  growing  degree  days  and  seasonal  yield  was  calculated 
to  be  0.26. 
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Conclusions 


Correlation  coefficients  of  the  magnitude  of  those  found  in  the 
study  make  accurate  prediction  highly  improbable.  Only  a  minimal 
portion  of  the  variance  of  the  dependent  variable  is  accounted  for  by 
the  independent  variable (s).  Furthermore,  no  specific  control  month 
was  found  to  have  a  positive  association  with  the  seasonal  variation 
in  corn  yield. 
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Silurian  Chitinozoa  from  Indiana  I :   The 
Mississinewa  Shale  Member  of  North-central  Indiana 

Roger  F.  Boneham  and  William  R.  Masters 

Department  of  Geology 

Indiana  University  at  Kokomo  46901 

Abstract 

The  Mississinewa  Shale  Member  of  the  Wabash  Formation  (Upper  Niagaran) 
contains  a  number  of  chitinozoa  species.  These  are  grouped  into  six  genera  Ancyro- 
chitina,  two  species;  Conochitina,  four  species  —  one  new;  Cyathochitina,  one  species; 
Desmochitina,  two  species  —  one  new;  Lagenochitina,  one  species;  and  Sphaerochitina, 
two  species  —  one  new.  Eight  localities  were  examined.  Two  were  outcrops  and  six 
were  from  drill  core.  Four  of  the  localities  had  chitinozoa.  This  is  the  first  in  a  series 
of  papers  whose  ultimate  goal  is  to  use  chitinozoa  to  correlate  the  Silurian  formations 
of  northern  and  southern  Indiana.  Correlation  of  the  Mississinewa  Shale  Member  with 
Silurian  formations  in  other  parts  of  the  United  States  is  not  possible  due  to  the 
lack  of  research  papers  on  chitinozoa.  Correlation  with  formations  in  western  Europe 
or    North    Africa    is    considered    too    speculative    at    this    time. 

Introduction 

This  report  is  the  first  in  a  series  of  studies  which  will  attempt 
to  gain  knowledge  of  the  Silurian  chitinzoa  in  Indiana  and  some  of 
the  surrounding  states.  The  Mississinewa  Shale  was  chosen  as  the 
initial  formation  to  be  studied  since  it  has  a  high  percentage  of  argil- 
laceous matter  as  compared  to  many  of  the  other  Silurian  formations 
(10,  12).  Chitinozoa  have  uusally  been  found  in  greatest  quantities  in 
calcareous  or  dolomitic  shales.  The  Mississinewa  Shale  was  named 
by  Cumings  and  Shrock  (3)  from  calcareous  shale  outcrops  along  the 
Mississinewa  River  near  Wabash  and  Lagro,  Indiana.  The  entire 
formation  is  not  exposed  at  any  one  outcrop.  In  fact  the  base  of  the 
formation  is  only  known  from  drill  core  samples.  Cumings  and  Shrock 
(3)  reported  the  total  thickness  of  the  formation  to  be  about  250 
feet.  The  largest  single  exposure  of  Mississinewa  Shale  is  a  roadcut 
on  Indiana  Highway  13  in   south  Wabash    (Locality  1   of  this  report). 

Cumings  and  Shrock  (4)  believed  the  Mississinewa  Shale  con- 
tained faunas  of  both  late  Rochester  and  early  Lockport  time.  Shaver 
(14)  summed  up  earlier  work  on  the  fossils  of  the  Mississinewa 
Shale.  He  pointed  out  that  earlier  authors  have  considered  the  Missis- 
sinewa Shale  to  be  of  Rochester  age,  Lockport  age,  or  transitional 
between  the  two  ages  since  fossils  of  both  ages  have  been  reported 
from  the  formation.  Shaver  (14)  believes  that  the  fossils  favor  a 
Lockport  age.  Pinsak  and  Shaver  (13)  proposed  that  the  Mississinewa 
Shale  and  the  overlying  Liston  Creek  Limestone  be  given  member  status 
in  the  newly  proposed  Wabash  Formation.  Also,  that  the  Huntington 
Dolomite  be  abandoned  since  they  believe  it  represents,  for  the  most 
part,  facies  of  the  Mississinewa  or  Liston  Creek  Members.  They 
further  proposed  that  the  term  Huntington  Lithofacies  (no  stratigraphic 
rank)  be  applied  ".  .  .  to  any  large  body  of  reef  rock  and  reef  like 
rock  within  the  Wabash  Formation. " 
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Figure  1.     Stratigraphic  column  of  Silurian  formations  in  central  Indiana. 
Modified  from  Shaver  et  al.   (15). 


Localities 

1)  Exposure  in  road  cut  of  Indiana  Highway  13  in  the  city  of 
Wabash,  Wabash  County.  SW  V*,  Sec.  14,  T27N,  R6E.  Approximately 
50  feet  of  Mississinewa  Shale  Member,  a  light  gray,  dolomitic  siltstone 
with  4  reddish-brown  bands  of  argillaceous  material  varying  in  width 
from  0.5  to  2  inches.  These  less  dolomitic  layers  contain  all  the 
chitinozoa  specimens  found  at  the  outcrop.  Approximately  5  feet 
of  the  Liston  Creek  Limestone  Member  is  on  top  of  and  conformable 
with  the  Mississinewa  Shale  Member.  Pinsak  and  Shaver  (13)  give 
a  detailed  section. 

2)  Railroad  cut  just  northeast  of  the  Big  Four  Railroad  Station 
in  the  city  of  Wabash,  Wabash  County.  SW  %,  Sec.  1,  T27N,  R6E. 
This  is  the  site  of  the  Wabash  Reef  of  Cumings  and  Shrock  (3). 
There  is  approximately  30  feet  of  Mississinewa  Shale  Member  north 
of  the  reef  structure.  As  at  Locality  1  the  rock  is  a  light  gray,  dolomitic 
siltstone.  Three  reddish-brown  bands  of  argillaceous  material  are 
present  in  the  outcrop. 

3)  Indiana  Geological  Survey  drill  hole  169,  just  west  of  Wabash, 
Wabash  County.  SE  %,  Sec.  16,  T27N,  R6E.  Mississinewa  Shale 
Member  124  feet  thick. 

4)  Indiana  Geological  Survey  drill  hole  25,  near  Sweetser,  Grant 
County.  NW  XA,  NWV4,  Sec.  2,  T24N,  R6E.  Mississinewa  Shale  Mem- 
ber 110  feet  thick.  Shaver  and  others  (14)  give  a  complete  core 
description. 

5)  Indiana  Geological  Survey  drill  hole  72,  Markland  Avenue 
Quarry,     Kokomo,     Howard     County.      SW     %,     Sec.     36,     T24N,     R3E. 
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Mississinewa  Shale  Member  114.5  feet  thick.    Pinsak  and  Shaver    (13) 
give  a  complete  core  description. 

6)  Indiana  Geological  Survey  drill  hole  41  near  Groomville, 
Tipton  County.  NW  &,  NE  %,  SE%,  Sec.  17,  T22N,  R3E.  Mississinewa 
Shale  Member  102  feet  thick.  Pinsak  and  Shaver  (13)  give  a  complete 
core  description. 

7)  Indiana  Geological  Survey  drill  hole  35,  Indiana  State  Fair 
Grounds,  Indianapolis,  Marion  County.  NE  %,  NW  XA,  SW  %,  Sec. 
18,  T16N,  R4E.  Mississinewa  Shale  Member  24  feet  thick.  Mound 
(11)  gives  a  complete  core  description. 

8)  Indiana  Geological  Survey  drill  hole  11,  near  Westland,  Han- 
cock County.  NE  hi,  SE  %,  Sec.  28,  Tl&N,  R8E,  Mississinewa  Shale 
Member  8.5  feet  thick.  Pinsak  and  Shaver  (13)  give  a  complete  core 
description. 

Chitinozoa 

Chitinozoa  are  a  group  of  acid  resistant  microfossils  whose  sys- 
tematic relationships  are  yet  to  be  determined.  Eisenack  first  described 
these  fossils  from  glacial  boulders  which  he  found  in  the  Baltic  region 
of  Germany  (5,  6,  7,  8).  Relatively  few  workers,  other  than  Eisenack, 
wrote  papers  on  chitinozoa  for  the  next  20  years  after  their  initial 
discovery.  During  the  1950's  oil  company  geologists  and  other  bio- 
stratigraphers  found  that  many  chitinozoan  species  were  useful  strati- 
graphic  markers.  Over  the  last  20  years  numerous  papers  have  been 
published  on  chitinozoa.  The  CIMP  (2)  has  done  an  excellent  job  of 
cataloging  all  publications  on  chitinozoa  through  1965. 

Although  there  is  still  much  debate  over  the  systematic  position 
of  chitinozoa,  their  morphology  is  relatively  well  known.  They  occur 
in  marine  rocks  ranging  in  age  from  Ordovician  through  Devonian. 
Their  size  range  is  from  50-1000/t  but  the  majority  of  species  have 
a  size  range  somewhere  between  100-300^.  Chitinozoa  have  a  world- 
wide distribution  since  they  have  been  reported  from  all  the  continents 
with  the  exception  of  Antarctica.  Their  classification  is  an  artificial 
one  based  on  the  morphological  characters  of  the  vesicle.  The  vesicle 
shapes  are  diverse  ranging  from  flask-,  cylinder-,  and  spherical-shaped 
with  many  variations  of  these  basic  forms.  The  outer  wall  of  the 
vesicle  may  be  smooth  or  have  various  types  of  ornamentation  ranging 
from  small  wart-like  protuberances  to  long  spines  which  may  or  may 
not  branch.  Some  species  are  composed  of  single  individuals  while 
others  have  chains  of  connected  vesicles  sometimes  containing  as 
many  as  12  or  more  individual  vesicles.  There  is  evidence  that  a  few 
species  may  have  two  different  growth  forms   (17). 

Sampling  and  Processing  Procedures 

Each  layer  of  reddish-brown,  argillaceous  dolomite  was  sampled 
in  both  outcrop  and  core  sections.  Otherwise,  the  outcrops  were 
sampled  at  1  m  intervals  and  the  cores  at  2  m  intervals. 
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Figure  2.     Map  of  north-central  Indiana  with  the  collection  localities. 
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The  field  samples  were  processed  by  dissolving-  them  in  dilute 
hydrochloric  acid.  The  chitinozoa  were  picked  from  the  argillaceous 
residue  with   a  small  diameter  pipette   and  mounted  in  glycerine  jelly. 

Table  1.  Distribution  of  chitinozoa  in  the  Mississinewa  Shale,  Salina  Formation  and 
Waldron  Shale.  Localities  1,  2,  3  and  7  are  in  the  Mississinciva  Shale,  locality  8  is 
in  the  Waldron  Formation  and  locality  5  in  the  Salina  Formation.  Sixty  individuals 
were  counted  from  each  sample.  The  following  designation  ivas  used:  Rare,  1-5  speci- 
mens; Frequent,  6-10  specimens;  Common,  11   +  specimens. 


Locality 

1 

2 

3 

7 

7 

8 

5 

Species 

(SO)1 

<2<)l 

(90) 

i  58  l 

(59) 

(110) 

(55) 

Ancyrochitina  ancyrea 

c 

C 

C 

r 

(' 

R 

A.  frag  His 

R 

R 

R 

C 

C 

Conochitina  dactylus 

c 

R 

C 

C.  seriola 

R 

R 

R 

R 

C.  cf.  C.  simplex 

R 

R 

R 

R 

C.  cf.  C.  edjelensis  elongata 

R 

R 

?  Cyathochitina  sp. 

R 

R 

R 

Desmoch  it ina.  sph aerica 

R 

R 

D.  magna 

R 

R 

R 

V 

Lag eno chit ina  cylindrica 

R 

F 

C 

Sph  aeroch  itina,  sph  aeroceph  aia 

R 

F 

V 

R 

S.  lacrimula 

R 

R 

R 

c 

Numbers  in  parenthesis  represent  depth  of  member  in  feet. 


Results 


Table  1  indicates  that  the  outcrops  (Localities  1  and  2)  contain 
the  widest  variety  of  chitinozoa  species.  All  of  the  chitinozoa  are  located 
in  the  reddish-brown  bands  of  shaly  material.  These  bands  are  un- 
doubtedly accentuated  by  the  weathering  process.  It  may  be  that 
the  color  of  these  bands  is  caused  by  oxidation  of  glauconite  but 
this  is  only  speculation  at  this  time.  Similar  reddish-brown  bands 
were  located  in  the  core  samples.  These  bands  were  very  difficult 
to  find  in  the  cores  since  they  had  not  been  subjected  to  aerial  weathering. 

It  is  obvious  from  Table  1  that  Localities  1  and  2  correlate  with 
each  other.  They  also  provide  good  reference  sections  since  they  have 
a  relatively  large  number  of  species.  The  core  samples  had  fewer 
individuals  and  were  much  less  sasitfactory.  In  future  papers  we 
plan  to  include  more  outcrop  sections  and  fewer  cores. 

The  cores  which  contained  Mississinewa  chitinozoa  were  from 
Localities  3  and  7.  An  abundance  of  Ancyrochitina  ancyrea  appears 
to  be  characteristic  of  the  Mississinewa  Shale.  To  a  lesser  extent  the 
presence  of  Ancyrochitina  fragUis,  Conochitina  cf.  C.  simplex,  Sphaero- 
chitina  lacrimula,  and  S.  sphacrocephala  are  indicators  of  the  Missis- 
sinewa Shale  Member.  The  Mississinewa  samples  from  Localities  4, 
5,  6,  and  8  had  no  chitinozoa. 
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As  a  test  of  our  theory  that  chitinozoa  could  be  used  to  aid 
in  correlation  of  Indiana  Silurian  formations,  we  processed  a  few 
samples  from  cores  which  had  no  Mississinewa  chitinozoa.  We  found 
chitinozoa  at  Locality  5  from  the  Salina  Formation  which  is  above 
the  Mississinewa  and  at  Locality  8  from  the  Waldron  Shale  which 
is  below  the  Mississinewa.  Esarey  and  Bieberman  (9)  believed  the 
Mississinewa  and  Waldron  were  the  same  formation  while  others 
(13,  14,  15)  believe  they  are  separate  formations  of  differing  ages. 
The  very  reduced  fauna  of  the  Salina  Formation  at  Locality  5  is 
certainly  distinct  from  that  of  the  Mississinewa.  The  fauna  found 
in  the  Waldron  Shale  is  less  clearly  separated  from  the  Mississinewa. 
In  a  future  paper  we  plan  to  do  a  detailed  study  of  the  Waldron 
chitinozoa. 

The  CIMP  (2)  has  given  the  age  ranges  of  all  chitinozoa  species 
reported  through  1965.  The  age  range  of  each  of  our  positively 
identified  species  follows: 

Ancyrochitina  ancyrea  Silurian — Lower  Devonian 

A.  fragilis  Silurian — Lower  Devonian 

Conochitina  dactylus  Middle  Silurian 

Desmochitina  sphaerica  Middle — Upper  Silurian 

Lagenochitina  cylindrica  Middle  Ordovician — Middle  Silurian 

Sphaerochitina  sphaerocephala   Middle   Silurian — Lower  Devonian 

Since  there  is  little  doubt  that  the  Mississinewa  Shale  is  Middle 
Silurian  in  age,  as  determined  by  the  macrofossils,  our  findings  indi- 
cate that  the  chitinozoa  may  also  be  used  as  age  indicators  in  the 
Indiana  Silurian.  With  one  exception  (Conochitina  dactylus)  the  species 
listed  above  are  mainly  reported  from  Europe  or  North  Africa.  Thus 
there  is  an  indication  that  the  Indiana  Silurian  rocks  may  contain 
zonations  of  chitinozoa  which  might  closely  match  those  of  Europe  and 
especially  North  Africa  where   such  zonations  have  been  proven    (16). 

Conclusions 

The  Mississinewa  Shale  Member  of  the  Wabash  Formation  con- 
tains a  fairly  diverse  assemblage  of  chitinozoa  species.  Many  of  the 
individual  species  have  been  reported  from  Silurian  formations.  Un- 
fortunately most  of  the  papers  have  dealt  with  formations  in  Europe 
or  North  Africa.  There  is  evidence  to  support  the  tentative  conclusion 
that  the  Silurian  chitinozoa  from  Indiana  may  be  found  in  stratigraphic 
zonations  which  resemble  similar  zonations  in  North  Africa. 

Systematic  Descriptions 

Order  Chitinozoa  Eisenack  1931 

Family  Sphaerochitinidae  Jansonius  1964 

Genus  Ancyrochitina  Eisenack  1955 

Ancyrochitina  ancyrea  (Eisenack  1931)  Eisenack  1955  Fig.  3,  Illus.  1-3 
Conochitina  ancyrea  Eisenack  1931,  p.  88-89,  PI.  2,  figs.  8-11,  PI.  4,  fig.  4. 
Conochitina  rnetancyrca  Eisenack  1934,  p.  64,  PI.  4,  figs  22-25. 
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Conochitina    protancyrea    Eisenack    1937,    p.    224,    PI.    15,    figs.    16-20. 
Ancyrochitina   ancyrea    Eisenack    1955,    p.    163,    PL    2,    figs.    7-15. 

Remarks:  Our  specimens  usually  have  less  than  six  basal  spines.  However,  in  all 
other  details  they  agree  with  Eisenack's  (5)  original  dscription.  Some  of  the  specimens 
also   have   two   well    developed,    unbranched   spines    on   the    upper    portion    of    the    neck. 

Occurrence:  Lower  Silurian  thi*ough  Lower  Devonian.  Midcontinent  North  Amer- 
ica, North  Africa  and  Baltic  Region  of  Germany. 

Ancyrochitina  fragilis  Eisenack  1955  Fig.  3,  Illus.  4. 
Ancyrochitina  fragilis  Eisenack  1955,  p.  175,  PL  2,  figs.  1-6. 

Remarks:  The  Mississinewa  specimens  bear  a  close  resemblance  in  outline  to 
A.  fragilis  regularis  Taugourdeau  and  de  Jekhowsky  1960.  However  our  specimens 
are  somewhat  smaller  and  A.  fragilis  regularis  has  been  reported  (16)  from  Lower 
Devonian  rocks.  Our  specimens  may  be  a  new  subspecies  but  we  prefer  not  to  pro- 
pose a  new  name  until  we  have  better  material. 

Occurrence:  Lower  Silurian  to  Lower  Devonian  (Gedinnien).  Midcontinent  North 
America,  North  Africa  and  Baltic  Region  of  Germany. 

Genus  Sphaerochitina  Eisenack  1955 
Sphaerochitina  sphaerocephala  (Eisenack  1932)  Eisenack  1955,  Fig.  3,  Illus.  5. 
Lagenochitina    sphaerocephala    Eisenack    1932,    p.    271-272,     PL     12,    figs.     14-15. 
Sphaerochitina    sphaerocephala    Eisenack    1955,    p.    162,    PL     1,    figs.    5-6. 

Remarks:  Our  specimens  are  approximately  20-30m  smaller  than  the  type  speci- 
men, otherwise  they  are  the  same. 

Occurrence:  Middle  Silurian  through  Upper  Devonian.  Midcontinent  North  America, 
North  Africa  and  Baltic  Region  of  Germany. 

Sphaerochitina  lacrimula  sp.  n.  Fig.  3,  Illus.  6. 
Diagnosis :    Vesicle   body    ball-shaped.    Neck    conical    to   subcylindrical.    Collar    widened 
and    occasionally    slightly    fringed.      Surface    smooth.      Length    95-110^.      Length:      Width 
approximately  1.4:1.    Holotype  (Illus.  6)   dimensions  98m  X  70m. 

Etymology:    From  the  Latin  diminutive  meaning  little  teardrop. 

Remarks:  This  species  somewhat  resembles  <S.  brevispinosa  Grignani  and  Manto- 
vani  1964.  However  S.  lacrimula  has  a  smooth  surface  and  the  body  is  more  spherical 
than  S.  brevispinosa. 

Occurrence :  Middle  Silurian  of  Indiana. 

Family  Conochitinidae  Eisenack  1931 
Genus  Conochitina  (Eisenack  1931)  emend.  Eisenack  1955 
Conochitina  dactylus  Collinson  and  Schwalb  1955  Fig.  3,  Illus.  8. 
Conochitina    dactylus    Collinson    and    Schwalb    1955,    p.    24,    PL    2,    figs.     16-19. 

Remarks:  Our  specimens  average  about  350m  in  length.  This  is  approximately 
100m  smaller  than  the  holotype.  However,  C.  dactylus  has  been  reported  from  the  inter- 
reef  facies  of  the  Niagaran  Racine  Formation  in  northeastern  Illinois  (1).  Since  the 
lithology  and  age  of  the  Mississinewa  are  so  similar  to  the  Racine  we  have  assigned 
our    specimens    to    this    species    regardless    of    their    somewhat    smaller    size. 

Occurrence:  Middle  Silurian   (Niagaran)  of  Illinois. 

Conochitina  cf.  C.  edjelensis  elongata  Taugourdeau  1963  Fig.  3,  Illus.  9. 
Conochitina    edjelensis    elongata    Taugourdeau    1963,    p.    138,    PL    3,    figs.    59-66. 

Remarks:  These  specimens  are  rai-e  in  our  samples.  Their  outline  and  size  re- 
semble C.  edjelensis  elongata.  However  the  Mississinewa  specimens  are  approximately 
30m  larger  than  the  holotype.  Since  thei-e  are  so  few  individuals  we  cannot  be  certain  of 
their  specific  identity. 

Occurrence:  Lower  Silurian  (Upper  Llandovery)  to  Middle  Silurian  (Lower  Wen- 
lock)  of  North  Africa. 
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Conochitina  cf.  C.  simplex  Eisenack  1931  Fig.  3,  Ulus.  10. 
Conochitina  simplex  Eisenack  1931,  p.  89-90,  PL  2,  Figs.  15-16. 

Remarks :  There  are  very  few  specimens  of  this  type  in  our  samples.  None  of 
the   individuals   is   in   good   condition   so  our   identification   must   be   regarded   as   tentative. 

Occurrence:  Lower  Ordovician  (Arenig)  through  Lower  Silurian  of  North  Africa 
and  the  Baltic  Region  of  Germany. 

Conochitina  seriola  sp.  n.  Fig.  3,  Ulus.  11. 

Diagnosis:  Conical-shaped  body  blending  into  a  very  short  conical-shaped  neck.  A 
very  small,  slightly  flaired  collar.  Base  convex.  Surface  smooth.  Length  75-120m. 
Length:    Width  1.0-1.4:1.    Holotype  (Ulus.  11)   dimensions  115^  X  80^. 

Etymology :  From  the  Latin  diminutive  meaning  little  jar. 

Remarks:  This  species  resembles  C.  parvicolla  Taugourdeau  1965  in  general  outline. 
However  C.  seriola  does  not  have  the  small  verrucae  and  is  somewhat  smaller  on  the 
average  than  C.  parvicolla. 

Occurrence :  Middle  Silurian  of  Indiana. 

Genus  Cyathochitina  Eisenack  1955 
?  Cyathochitina  sp.  Fig.  3,  Illus.  7 

Diagnosis :  Conical-shaped  vesicle.  Body  and  neck  blend  together  with  no  distinct 
shoulder.  Base  flattened  or  slightly  convex.  Surface  smooth.  Length  approximately 
150^.    Length:    Width  approximately  1.5-1. 

Remarks:  These  specimens  are  rare  in  our  samples.  They  resemble  Cyathochitina 
hymenophora  Taugourdeau  1961  in  general  outline  except  they  do  not  have  a  distinct 
shoulder  and  are  smaller.  They  more  closely  resemble  Cyathochitina  ?  sp.  of  Taugour- 
deau and  de  Jekhowsky  (16).  The  presence  of  a  keel  is  not  confirmed  in  our  specimens 
and  it  may  be  that  they  belong  in  the  genus  Conochitina.  Until  we  have  more  specimens 
we    prefer    to    assign    our    specimens    questionably    to    Cyathochitina. 

Genus  Lagenochitina  Eisenack  1931 
Lagenochitina  cylindrica  Eisenack  1931  Fig.  3,  Illus.  13. 
Lagenochitina  cylindrica  Eisenack  1931,  p.  81-82,  PL  2,  Figs.  18-19. 

Remarks:  Our  specimens  are  approximately  50m  smaller  than  the  holotype  of 
L.  cylindrica.  They  are  within  the  size  range  of  L.  baltica  Eisenack  1931.  However, 
the  generally  parallel  sides  of  the  body  most  closely  resemble  Eisenack's  (5)  de- 
scription of  L.  cylindrica  rather  than  L.  baltica. 

Occurrence:  Middle  Ordovician  through  Middle  Silurian  of  North  Africa  and  the 
Baltic  Region  of  Germany. 

Family  Desmochitinidae  (Eisenack  1931)  Eisenack  1962 
Genus  Desmochitina  (Eisenack  1931)  emend.  Eisenack  1962 
Desmochitina  sphaerica  Taugourdeau  and  de  Jekhowsky  1960  Fig.  3,  Illus.  12. 
Desmochitina  sphaerica  Taugourdeau   and  de  Jekhowsky   1960,   p.    1227,   PL   7,   Fig.    103. 

Remarks :  These  specimens  always  occur  attached  in  chains  of  two  vesicles  in 
the  Mississinewa  samples. 

Occurrence :  Middle  through  Upper  Silurian  of  North  Africa. 

Desmochitina  magna  sp.  n.  Fig.  3,  Illus.  14 

Diagnosis:  Vesicle  jug-shaped.  Greatest  diameter  approximately  one-half  way  up 
vesicle.  Body  gradually  merges  with  simple  collar.  No  neck  or  shoulder.  Basal  area 
usually  convex  occasionally  flattened.  Copula  usually  present  not  always  conspicuous. 
Surface  smooth.  Length  210-320^,  Length:  Width  approximately  1.5:1.  Holotype  (Illus. 
14)   dimensions  340^  X  230^. 

Etymology :  From  Latin  meaning  large. 

Remarks:  This  species  is  most  common  in  the  Salina  Formation  which  overlies 
the  Mississinewa.  In  general  outline  D.  magna  most  closely  resembles  D.  urna  Eisenack 
1934.  However  it  is  considerably  larger  than  D.  urna. 

Occurrence :  Middle  Silurian  of  Indiana. 
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Figure  3.      1)    Ancyrochitina  ancyrea,    115, 


IU   12136J32/3;  2)    A.    ancyrea,    155, 


X   70  p,   IU  12137F36/3;  3)   A.   ancyrea,  X50,    190^   X   85^,   IU  12138R18/0;  4)    A.   fragilis, 


X200,    105  a    X    60u,    IU    12139T36/1;    5)     Sphaerochitina    sphaerocephala,     125u     X     70 


'V 


X    70^,    IU    12H1F17/0;    7) 


'/*• 


IU  12140J18/2;  6)  S.  lacrimula,  holotype,  X200, 
Cyathochitina  sp.,  150^  X  120 p,  IU  12142T26/1;  8)  Conochitina  dactylus,  360 ^  X  120  p, 
IU  12143U45/0;  9)  C.  cf.  C.  edjelensis  elongata,  260^  X  105  p,  IU  12144J49/3;  10) 
C.  cf.  C.  simplex,  170^  X  95^,  IU  12U5Q35/0;  11)  C.  seriola,  holotype,  115^  X  80^, 
IU  12146U23/1;  12)  Desmochitina  sphaerica,  X200,  130^  X  60^,  IU  12147X46/3;  13) 
Lagenochitina  cylindrica,  175u  X  110^,  IU  12148P28/0;  14)  Desmochitina  magna, 
holotype,  340n  X  230u,  IU  12H9Y29/0.  (Magnifications  are  Y 100  unless  otherwise  speci- 
fied. All  slides  are  deposited  with  tlie  Department  of  Geology,  Indiana  University, 
Blooming  ton.     Individual   figures   are   located   on   a   given   slide   using    an   England   Finder 

Slide.) 
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Abstract 

Cities  have  their  own  peculiar  climates  because  of  the  influence  of  local  environ- 
mental factors.  These  "new"  climatic  controls  interact  in  effect  to  produce  the 
well-known  urban  heat  island.  Urban  climatological  investigations  are  increasing,  both 
methodologically  and  geographically.  As  a  result,  certain  "firmly  established"  hypotheses 
have  been  challenged  or  modified.  Certain  of  these  hypotheses  are  reviewed  in  this 
paper.  It  is  concluded  that  theoretical  conflicts  exist  both  because  of  the  relative 
immaturity  of  urban  climatology  as  a  science  and  because  of  real  variations  in  relevant 
urban  and  climatic  variables,  and  interactions,  from  city  to  city. 

Cities  have  their  own  peculiar  climates  (distinct  from  surrounding 
regional  climates)  due  to  the  influence  of  local  environmental  factors. 
Climatologists  have  been  studying  the  causes  and  properties  of  urban 
climates  for  nearly  140  years  (18).  Numerous  analyses  have  been 
conducted,  mostly  of  large  European  and  American  cities.  Five  basic 
characteristics  that  set  a  city's  climate  apart  from  that  of  the  countryside 
are  now  recognized:  1)  the  urban  fabric,  the  predominantly  rocklike 
materials  of  the  city's  buildings  and  streets,  which  conduct  heat 
about  three  times  as  fast  as  wet  sandy  soil;  2)  the  city  structure, 
a  complex  web  of  multiple  reflections  and  energy  exchanges;  3)  artificial 
heat  production,  mainly  during  the  winter;  4)  the  urban  water  balance, 
marked  by  rapid  drainage  and  reduced  humidity;  and  5)  urban  air 
pollution.  These  factors  act  singly  and  in  combination  to  produce  a 
multitude  of  unique  city  climates. 

Perhaps  the  most  common  urban  climatic  element  is  the  so-called 
"urban  heat  island."  The  heat  island  refers  to  the  warm-air  dome 
found  over  all  cities  (with  the  possible  exception  of  tropical  cities), 
caused  by  the  efficient  absorption  of  solar  radiation  and  the  release 
of  artificial  heat.  Heat  islands  have  been  described  for  a  diverse 
range  of  cities:    large  and  small,  flat  and  hilly,  continental  and  littoral. 

By  definition,  heat  islands  tend  to  be  atypically  warm  for  their 
meso-climatic  locale,  especially  at  night  and  during  winter  months. 
Various  other  manifestations  of  inadvertent  weather  and  climate  modi- 
fication, not  so  obvious  as  the  added  warmth  of  the  city,  have  been 
reported  for  certain  heat  islands.  Landsberg  reported  that  urban 
climates  had  been  found  to  be,  on  the  average,  wetter,  cloudier,  warmer, 
and  more  prone  to  storms  than  the  rural  environs,  but  less  humid,  snowy, 
and  more  restricted  in  illumination  and  visibility  (23,  24,  25). 

These  ideas  remain  essentially  valid.  For  example,  the  amount 
of   solar  radiation   received   has   been   consistently  reported   as   reduced 
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in  urban  environments.  However,  increased  research  in  recent  years 
has  led  to  certain  unresolved  theoretical  conflicts.  Several  of  these 
contradictory  hypotheses  are  considered  here,  under  the  broad  headings 
of  the  effect  of  city  size  on  the  heat  island,  the  spatial  extent  of  the 
heat  island,  and  theories  of  inadvertent  modifications  of  precipitation, 
wind,  and  temperature  parameters. 

The  Relationship  Between  City  Size  and  Urban  Climate 

A  number  of  studies  have  considered  the  influence  of  city  size 
on  the  magnitude  of  the  heat  island  effect,  with  conflicting  results. 
Several  authors  have  stated  that  the  development  of  the  heat  island 
is  directly  related  to  the  population  density  of  urban  areas,  generally 
increasing  as  the  city  grows  in  population  and  size  (4,  22,  23,  24,  25,  30, 
31).  For  example,  Landsberg  compared  temperatures  at  Los  Angeles 
and  San  Diego  over  a  30-year  period  and  discovered  that  as  the 
difference  in  population  between  the  cities  increased  so  did  the  differ- 
ence between  mean  temperatures  (26). 

However,  certain  complicating  factors  make  the  interpretation 
of  the  city  size — heat  island  relationship  difficult.  One  such  factor  is 
the  possibility  of  regional  climatic  changes  during  the  period  of  study. 
"Several  of  the  processes  of  heat  island  genesis  depend  upon  the 
levels  of  regional  temperatures,  cloud  amounts,  and  windspeeds  and 
any  changes  in  these  will  be  paralleled  by  heat  island  changes  quite 
independent  of  city  growth  (6)." 

Even  more  interesting  is  the  recent  discovery  that  large  nocturnal 
urban-rural  temperature  contrasts  exist  in  rather  small  cities.  Maxi- 
mum temperature  differences  of  4  to  6°F  were  reported  at  Palo  Alto, 
California  (population  33,000)  (11).  A  definite  heat  island  was  noted 
in  Corvallis,  Oregon,  (population  21,000)  on  two  occasions,  with  maxi- 
mum temperature  differences  of  13  °F  and  10  °F  (20).  A  similar  report 
was  made  for  Ina,  Japan  (population  12,000)  (37).  These  figures  may 
be  compared  with  the  following  large-city  differentials:  St.  Louis,  5°F 
(16);  Des  Moines,  Iowa,  5-17°F  (10);  and  Toronto,  up  to  34°F  (29). 
A  heat  island  effect  resulting  even  from  a  small  isolated  building 
complex  has  recently  been  detected  (28). 

It  appears  that  a  positive,  though  not  linear,  correlation  does 
exist  between  city  size  and  heat  island  development,  but  it  remains 
a  questionable  relationship,  and  one  easily  obscured  by  regional  cli- 
matic change  and  local  microclimatic  conditions. 

Spatial  Extent  of  the  Heat  Island  Influence 

The  region  of  maximum  urban  influence  is  generally  accepted 
to  be  the  approximate  center  of  each  heat  island,  normally  coincident 
with  the  most  densely  built-up  zone  of  the  city.  The  greatest  differ- 
ence in  temperature  between  city  and  countryside  occurs  at  this  location. 

However,  authors  do  not  agree  on  the  influence  of  urban  areas 
on  precipitation  variables  such  as  geographical  distribution  and  fre- 
quency  of   occurrence.    In   1927,   a   peak   of  mean   annual   precipitation 
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was  reported  for  the  eastern  (downwind)  sector  of  Munich  (36).  Other 
investigators  have  found  precipitation  maxima  located  somewhat  down- 
wind of  many  cities.  This  "shift"  is  attributed  to  the  transport  of 
rainfall-augmenting  pollutants  by  prevailing  winds.  The  most  notable 
example  of  this  phenomenon  has  been  documented  in  Changnon's  study 
of  precipitation  parameters  at  La  Porte,  Indiana,  located  about  30 
miles  downwind  of  the  industrial  complex  of  Gary.  For  the  period 
of  1951-1965,  Changnon  reported  positive  anomalies  at  La  Porte  of 
31%  for  mean  precipitation  and  38%  for  the  number  of  "thunderstorm 
days"  (7). 

Some  researchers  are  dubious  of  this  leeward  shift  of  precipitation 
maxima.  Peterson  has  observed  that  the  presence  of  Lake  Michigan 
and  its  associated  circulations  makes  it  doubtful  that  the  La  Porte 
data  are  applicable  to  other  cities  (33).  Other  authors  were  unable 
to  note  such  shifts  in  the  Washington,  D.  C.  or  St.  Louis  areas   (12,  41). 

Recently,  a  "fresh  examination"  of  the  La  Porte  precipitation  rec- 
ord was  undertaken,  and  it  was  concluded  that  the  La  Porte  anomaly 
was  observer-perpetuated  and  fictional  (17).  Changnon  has  rebutted 
that  this  thesis  is  ".  .  .  not  substantiated  .  .  ."  and  ".  .  . 
provides  little  new  information     .     .     ."  (8). 

At  this  point  it  seems  probable  that  urban  precipitation  effects 
are  normally  greatest  somewhat  downwind  of  a  city.  The  magnitude 
and  type  of  industrial  activity  within  the  urban  area  are  likely  to 
play  a  key  role  in  the  development  of  such  a  shift.  La  Porte,  leeward 
of  an  extensive  steel  mill  complex,  may  be  an  extreme  or  totally 
anomalous  case.  The  entire  matter  remains  debatable;  it  is  compli- 
cated by  the  difficulties  inherent  in  meterological  data  collection  and 
analysis. 

Mean  Annual  Precipitation 

Several  studies  indicate  that  increased  convection  and  numbers 
of  condensation  nuclei  cause  increased  precipitation  over  metropolitan 
areas  (1,  28).  Conversely,  other  workers  believe  that  mean  precipita- 
tion may  be  reduced  and  the  frequency  of  droughts  increased  over 
cities  where  automotive  pollution  is  dominant  (35).  In  such  environ- 
ments, submicroscopic  lead  particles  may  combine  with  traces  of 
iodine  in  the  atmosphere  to  produce  lead  iodide,  an  excellent  cloud- 
seeding  agent.  So  much  lead  is  released  into  the  air  that  clouds 
become  colloidally  more  stable  and  "overseeded."  Los  Angeles  is  cited 
as  an  example  and  preliminary  research  indicates  a  similar  phenomenon 
at  Houston,  Texas  (J.  R.  Norwine,  unpublished  data). 

Frequency  of  Thunderstorms 

Urban  climatologists  have  reported  increased  frequencies  of  hail 
and  thunderstorms  over  cities,  due  to  added  convection,  turbulence 
and  condensation  nuclei  (2,  36).  Schaefer  has  added  that  the  cause 
of  urban  droughts  may,  in  turn,  sometimes  cause  downpours:  ".  .  . 
a  sudden  influx  of  particles  may  send  cloud  droplets  falling  all  at 
once  (35)." 
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Fewer  studies  indicate  that  thunderstorm  frequency  is  reduced 
near  cities  (17).  Some  cities  may  act  as  "thermal  barriers,"  diverting 
approaching  weather  systems  and  associated  precipitation  (9). 

Frequency  of  Small  Amounts  of  Rainfall 

Some  workers  have  suggested  an  increase  of  5  to  10%  in  the  number 
of  days  with  small  amounts  of  rain  (<0.10  inch)  in  cities  (19).  The 
added  convection  and  nuclei  over  the  city  are  believed  to  trigger 
"drizzles"  not  experienced  in  rural  surroundings. 

Certain  cities,  such  as  Tokyo  and  Los  Angeles,  have  been  described 
as  experiencing  reduced  numbers  of  "weak  rainy  days"  (38).  This 
is  again  attributed  to  lead  iodide-induced  overseeding  of  clouds. 

Amount  and  Frequency  of  Snowfall 

Similar  arguments  persist  on  the  matter  of  snowfall  in  urban 
environments.  Several  authors  (21,  26)  suggest  that  total  snowfall 
is  reduced  because  of  the  higher  temperatures  of  the  heat  island. 
Other  studies  substantiate  this  but  add  that  the  frequency  of  "snow 
days"  and  even  snowstorms  is  increased  by  extra  updrafts  and  at- 
mospheric pollution  (14,  27).  Finally,  Changnon  has  stated  that 
his  work  on  urban  climates  in  the  midwestern  United  States  shows 
little  evidence  of  any  effects  on  snowfall  amounts  (7). 

Theories  of  Urban  Alteration  of  Wind  Speeds 

Most  work  on  urban  wind  fields  dates  from  1950  (33).  Studies 
which  have  appeared  since  then  confirm  that  average  wind  speeds 
within  cities  are  lower  than  over  the  countryside,  due  to  the  increased 
frictional  drag  of  the  rough  atmosphere-city  interface   (14,  15). 

However,  some  recent  work  has  challenged  certain  assumptions 
made  about  urban  wind  fields.  For  example,  increased  wind  speeds 
in  downtown  London  were  reported  when  regional  winds  were  light 
(5).  Light  winds  were  found  to  increase  in  speed  in  central  areas, 
in  response  to  the  downward  transport  of  momentum  by  mechanically- 
induced  eddies.  Also,  fewer  calms  and  light  winds  were  reported 
over  the  city  (5).  Clearly,  much  additional  research  into  the  urban 
effect  on  wind  fields  is  needed. 

Theories  of  Urban  Alteration  of  Mean  Temperature 

Finally,  and  perhaps  most  significant,  is  the  question  of  the 
influence  of  cities  upon  mean  temperature.  This  problem  is  of  great 
importance  because  of  the  likelihood  than  man's  industrial  activities 
are  modifying  not  only  urban  microclimates  but  large  climatic  regions 
and  even  the  global  climate. 

The  variables  involved  in  this  gigantic  interrelationship  are  ex- 
tremely complex.  Research  efforts  have  tended  to  focus  on  the  two 
elements  of  the  terrestrial  heat  budget  chiefly  influenced  by  air  pollu- 
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tion:  absorptivity  and  effective  emissivity.  Some  studies  have  rea- 
soned that  1)  atmospheric  absorptivity  has  been  reduced  by  an  in- 
crease in  "earth  brightness"  or  albedo  (due  to  increased  dustiness 
or  turbidity)  (33),  and  2)  tropospheric  effective  emissivity  has  been 
lowered  by  an  increase  in  atmospheric  carbon  dioxide  content  (3). 
Theories  have  been  advanced  to  the  effect  that  "increased  particulate 
pollution  increases  the  earth's  albedo,  hence  causes  cooling:,"  and  "in- 
creased CO.;  stimulates  the  'greenhouse  effect'  and  thereby  raises 
temperatures"  (35,  40).  These  hypotheses  may  or  may  not  be  valid. 
Recent  studies  suggest  that  absorptivity,  emissivity,  radiation,  tempera- 
ture, air-circulation  patterns,  atmospheric  stability,  cloudiness  and 
evaporation  may  interact  in  such  ways  as  to  give  thermal  effects  quite 
unlike  those  originally  expected  (32).  Global  cooling  has  occurred 
in  recent  decades  (31),  possibly  due  in  part  to  the  influence  of  increased 
air  turbidity.  Certain  regions  which  have  not  experienced  this  cooling 
trend,  such  as  northeastern  North  America  and  western  Europe,  are 
regions  marked  by  the  persistent  outpouring  of  CO-  into  the  atmos- 
phere. This  seems  in  accord  with  a  recent  study,  in  which  a  simple 
numerical  model  of  the  energy  balance  of  the  earth-atmosphere  system 
was  applied,  with  the  mean  annual  sea  level  temperature  in  10° 
latitude  belts  as  the  dependent  variable.  It  was  concluded  that  man's 
industrial  activity,  particularly  the  increased  use  of  stored  energy, 
should  eventually  lead  to  a  global  climate  much  warmer  than  today's 
(in  spite  of  increased  turbidity)   (39). 
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Abstract 

The  need  for  multi-county  regional  planning  has  become  so  critical  and  Indiana 
lags  so  far  behind  other  states  in  the  eastern  half  of  the  United  States  in  adopting 
multi-county  planning  that  expansion  of  this  form  of  government  may  take  place  rapidly 
in  the  Hoosier  state  in  the  next  two  decades.  At  the  present  time  the  most  extensively 
used  multi-county  planning  organization  is  the  council  of  governments  and  a  second 
type  receiving  popular  support  is  the  resource  conservation  and  development  project. 
However  if  a  bill  entitled  "Regional  Planning  and  Development  Act  of  1971"  is 
enacted  into  law,  it  will  create  a  Planning  Commission  for  each  of  the  official  14 
Indiana  Planning  and  Development  Regions. 

Introduction 

A  variety  of  factors  make  it  imperative  that  multi-county  plan- 
ning and  zoning  of  the  natural  and  cultural  environments  be  widely 
implemented  in  Indiana  during  the  1970's.  Some  of  these  are:  1)  the 
rapid  growth  of  the  rural  non-farm  dwellers;  2)  the  movement  of 
industries,  shopping  centers,  and  service  complexes  from  cities  to 
the  countryside;  3)  mobility  and  increased  accessibility  of  work,  to 
shop,  for  recreation  and  education;  4)  the  paucity  of  inter-county 
governmental  cooperation  in  the  1960's;  5)  restriction  of  the  content 
of  county  comprehensive  surveys  and  plans  to  individual  county 
boundaries;  6)  the  inter-county  distribution  of  problems  and  the  need 
to  develop  inter-county  solutions  to  these;  7)  the  implementation  of 
small  watershed  districts  generally  not  confined  to  county  boundaries; 
and  8)  various  acts  of  the  Federal  Government  which  encourage  and 
financially  subsidize  multi-county  organizations. 

Although  Indiana  has  multi-county  or  regional  planning,  perhaps 
only  Vz  of  its  counties  are  involved.  Some  of  these  planning  develop- 
ments are:  1)  regional  council  of  governments;  2)  a  regional  plan- 
ning commission;  3)  small  watershed  districts;  and  4)  a  resource 
conservation  and  development  project. 

Two  vital  questions  are:  1)  will  these  and  perhaps  other  types 
of  inter-county  planning,  concerned  with  the  numerous  problems  of 
water,  land  and  air  use  in  both  cities  and  countryside,  be  attempted 
by  most  of  the  state's  counties  during  the  1970's?;  and  2)  will  the 
various  planning  agencies  use  the  multi-county  system  established  by 
Executive  Order  No.  18-68  on  December  4,  1968? 

Need  for  Multi-County  or  Regional  Planning 

The  need  for  multi-county  or  regional  planning  is  recognized  by 
leaders,  laymen  and  administrators  who   attempt  to  identify  rural  and 
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urban  problems  and  for  which  they  recommend  alternate  solutions. 
But  the  general  public  in  Indiana  seems  not  to  be  aware  of  the  urgency 
of  this  new  form  of  governmental  administration.  Technology  and 
the  life-style  of  the  last  Vs  of  the  Twentieth  Century  have  made  the 
townships  and  counties  with  their  diminutive  areas  almost  as  obsolete 
as  the  horse  and  buggy.  Yet  these  small  units  refuse  to  whither 
and  die.  In  Indiana,  governmental  and  civic  leaders  have  apparently 
"thrown  in  the  sponge"  in  attempting  to  discard  and/ or  re-organize 
these  impractical  units  into  larger  areas.  In  the  present  technological 
society,  public  services  can  only  be  supplied  at  a  reasonable  per  capita 
cost  if  there  is  a  large  enough  minimum  population  base  of  50,000- 
100,000.  If  population  densities  are  low,  then  larger  administrative 
units  are  essential. 

Not  only  are  most  of  the  present  92  counties  in  Indiana  too 
small  for  efficient  administration  but  the  boundaries  have  been  deter- 
mined without  giving  consideration  to  the  distribution  of  the  major 
physical  factors  as  soil  characteristics,  climatic  elements,  local  relief, 
drainage,  bedrock,  potentially  useful  minerals,  natural  vegetation, 
etc.  Of  course,  100  to  150  years  ago  when  the  present  county  bounda- 
ries were  drawn,  detailed  surveys  were  not  available.  The  county 
boundaries  were  drawn  and  remained — frozen  in  time.  Rivers,  as  a 
physical  environment  factor  were  considered  and  some  of  the  bounda- 
ries are  river  channels.  But  river  boundaries  have  helped  create  some 
of  the  present  day  problems;  river  channels  are  the  core  of  watersheds 
and  not  natural  dividers.  The  river  county  boundaries  only  divide 
water  and  land  use  problems  into  separate  political  administrative 
units. 

Physical  and  social  engineers,  technical  personnel,  planners,  lay 
members  and  some  administrators  today  recognize  that  water  and  land 
problems  are  related  to  the  natural  processes — the  environment  of  a 
river  basin.  The  river  watershed  should  not  be  ignored  but  manipulated 
and /or  adjusted  to  in  an  attempt  to  supply  man's  needs  for  long  periods 
of  time.  One  of  the  most  discouraging  things  about  reading  county 
comprehensive  surveys  is  that  the  people  preparing  them  apparently 
seem  to  feel  that  they  should  not  identify  problems  that  overlap  with 
adjoining  counties  which  can  only  be  solved  by  multi-county  planning, 
zoning  and  development  (3). 

In  addition  to  the  need  to  have  large  enough  governmental  units 
with  a  population  size  sufficient  to  provide  governmental  services 
efficiently  and  economically  and  to  consider  problems  and  public  services 
in  a  river  basin  framework,  the  multi-county  region  can  be  effectively 
used  to  bridge  the  gap  between  state  and  local  administration.  Too 
often  state  talents,  services,  and  resources  peak  in  the  Capitol  where 
they  are  relatively  inaccessible  to  distant  counties  or  the  state  admin- 
istration faces  the  enormous  cost  of  attempting  to  duplicate  many  of 
these  items  in  92  counties.  For  example,  in  the  fall  of  1970,  the  State 
Superintendent  of  Public  Instruction  put  into  operation  the  Southwestern 
Regional  Service  Center  in  Huntingburg  to  provide  schools  in  a  19- 
county    area    with    permanent    staff    personnel    from    the    state    super- 
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intendent's  office,  special  consultants  hired  with  federal  funds  and  a 
wealth  of  films,  tapes,  sample  textbooks  and  other  educational  ma- 
terials (4).  The  long-range  plan  was  to  establish  other  regional 
centers.  No  attempt  was  made  to  evaluate  this  program  but  counties 
included  under  the  jurisdiction  of  this  new  administrative  unit  were 
delimited  on  a  county  outline  map.  To  my  knowledge,  this  region 
does  not  conform  to  any  other  system  of  regions  in  the  state  nor 
does  it  combine  two  or  more  of  the  Planning  and  Development  Regions, 
as  established  by  Executive  Order  No.  18-68  (6). 

Regional  planning  is  needed  and  potentially  can  be  very  useful 
but  if  too  many  different  regional  systems  are  created,  an  undesirable 
situation  may  develop.  Apparently,  no  one  knows  how  many  regional 
administrative  systems  have  been  created. 

Because  of  federal  funds,  these  regional  systems  may  be  expected 
to  multiply  rather  rapidly  in  the  1970's;  since  in  order  to  take  ad- 
vantage of  the  funds  of  many  federal  agencies,  the  local  people  must 
form  multi-county  administrative  units.  For  example,  to  qualify  for 
federal  road  money,  administrators  in  counties  with  sparse  populations 
must  group  counties  together  to  form  a  region  with  a  minimum  of 
50,000  people  (5). 

The  people  in  Spencer  County  may  be  already  confused  or  may 
become  so  during  the  1970's  as  to  what  regional  planning  division  is 
responsible  for  what  activity.  For  example,  Spencer  County  is  already 
in  1)  the  Lincoln  Hills  Resource  Conservation  and  Development  Project, 
authorized  for  operation  in  October,  1964;  2)  Southwestern  Regional 
Council  of  Governments  formed  in  December,  1968;  and  3)  the  South- 
western Regional  Service  Area  of  the  State  Superintendent  of  Public 
Instruction  established  in  1970  and  perhaps  several  or  many  others. 
By  1980,  will  it  be  necessary  for  some  counties  to  issue  a  booklet 
on  what  regional  agency  to  approach  for  different  kinds  of  service, 
and/or  for  some  state  agency  to  serve  as  coordinator  for  dozens  of 
regional  planning  and  administrative  divisions  of  the  state  ? 

Councils  of  Governments 

While  in  1966,  there  was  only  one  multi-county  council  of  govern- 
ments serving  Floyd  and  Clark  Counties  in  Indiana  and  Jefferson 
County  in  Kentucky,  before  1970  an  additional  three  regional  organiza- 
tions of  this  type  were  in  operation.  In  1966,  the  Falls  of  the  Ohio 
Metropolitan  Council  of  Governments  was  formed.  It  includes  in 
Indiana  the  city  of  New  Albany,  Floyd  County,  the  city  of  Jefferson- 
ville,  the  town  of  Clarksville  and  Clark  County  and  in  Kentucky,  the 
city  of  Louisville,  Jefferson  County  and  the  Jefferson  County  Municipal 
Government  Conference.  The  second  council  of  governments  in  which 
Indiana  counties  are  engaged  was  formed  in  November,  1967,  and 
involves  counties  in  three  states.  The  Ohio-Kentucky-Indiana  Regional 
Planning  Authority's  membership  consists  of  the  following  counties: 
Dearborn  and  Ohio  in  Indiana,  Butler,  Clermont,  Hamilton  and  Warren 
in   Ohio   and  Boone,   Campbell  and  Kenton  in  Kentucky.    Organized  in 
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December,  1968,  the  Southwestern  Regional  Council  of  Governments 
also  serves  counties  in  both  Indiana  and  Kentucky.  This  council  in- 
cludes the  cities  of  Evansville,  Mount  Vernon,  Boonville,  Rockport  and 
Princeton  and  the  counties  of  Posey,  Vanderburgh,  Warrick,  Spencer, 
Gibson  and  Pike,  all  in  Indiana  and  the  city  and  county  of  Henderson, 
Kentucky.  To  the  north  with  South  Bend,  Indiana,  as  the  nodal  point, 
the  South  Bend  Regional  Council  of  Governments  consists  of  St. 
Joseph,  Elkhart  and  Marshall  counties  in  Indiana  and  Berrien  and 
Cass  counties  in  Michigan.  These  four  councils  of  government  are 
located  astride  state  boundaries  and  involve  Indiana  counties  and 
cities  working  with  and  planning  with  counties  and  cities  in  the 
adjacent  states  of  Kentucky,  Ohio  and  Michigan,  and  Standard  Metro- 
politan Statistical  Areas  in  which  there  are  mutual  problems  not 
respecting  state  lines.  Perhaps,  in  time,  there  will  be  a  council  of 
governments  involving  Terre  Haute  and  Vigo  County  with  other 
counties   in  Indiana   and   some   Illinois   counties  and  cities  to  the  west. 

In  addition  to  the  four  interstate  multi-county  council  of  govern- 
ments just  identified,  there  are  two  organizations  of  this  type  con- 
fined to  county  boundaries  in  Indiana.  Cities,  incorporated  towns, 
townships  and  other  forms  of  governmental  units  in  a  single  county 
can  organize  councils  of  government;  this  has  been  done  successfully 
in  Allen  and  Madison  counties  but  an  attempt  to  provide  this  type  of 
planning  organization  in  Monroe  County,  which  had  the  greatest 
population  growth  of  any  in  Indiana  during  the  1960's  (1),  failed  to 
materialize  in  1969  (2). 

Theoretically  councils  of  government  involving  inter-county  coop- 
eration between  counties  in  the  same  state  or  two  or  more  states, 
if  properly  utilized,  can  be  superior  administrative  units.  But  these 
councils  to  be  effective  must  be  comprehensive  in  depth  as  well  as 
broad  in  scope.  Problems  need  to  be  identified,  and  listed  in  some 
tentative  order  of  priorities;  broad  policies,  proposals  and  tentative 
programs  need  to  be  formulated,  discussed  and  agreements  reached; 
and  regional  transportation,  public  facilities,  and  general  policies 
concerning  such  things  as  building  codes  and  zoning  need  to  be 
finalized.  Then  significant  programs  need  to  be  financed  and  carried 
out  with  wholehearted  support  and  vigor. 

The  acid  test  to  use  in  evaluating  the  success  of  councils  of  gov- 
ernment is  to  examine  what  policies  and  programs  are  being  or  have 
been  implemented. 

Unfortunately,  these  councils  of  government,  having  been  organized 
in  the  1960's,  are  in  a  delicate,  infant  and  research  stage  of  develop- 
ment and  their  vitality  and  vigor  are  sometimes  sapped  by  less  than 
100%  support  by  representatives  of  the  various  governmental  units 
involved.  Naturally,  these  new  regional  planning  units  should  not 
forge  ahead  blindly  implementing  programs  before  scientific  surveys 
and  studies  are  made.  It  takes  time  to  secure  money  and  make 
surveys. 
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Arriving  at  a  concensus  of  opinion  and  securing-  wholehearted  and 
intelligent  support  from  representatives  of  intra-county  governmental 
units  is  often  difficult  and  sometimes  impossible.  Cooperation  on  the 
implementation  of  programs  and  projects  becomes  more  difficult  when 
representatives  of  governmental  units  in  two  counties  are  expected 
to  work  together,  and  still  more  difficult  when  local  representatives 
of  governmental  units  in  different  states  become  involved.  One  must 
never  forget  that  county  and  state  boundaries  as  divisional  lines  have 
been  nurtured  and  strengthened  as  administrative  units  for  150 
years  and  it  is  difficult  to  change  these  boundary  images  in  the  minds 
of  the  lay  people. 

Furthermore,  states,  including  Indiana,  are  creating  regional  plan- 
ning and  development  systems  based  on  state  territory  and  terminating 
at  state  boundaries. 

Resource  Conservation  and  Development  Projects 

Another  form  of  official  multi-county  developmental  regions  are 
the  federally-approved  and  funded  resource  conservation  and  develop- 
ment projects.  To  date  there  is  only  one  of  these  in  Indiana,  46  in 
the  United  States.  Authorized  for  operation  in  October,  1964,  the 
Lincoln  Hills  Resource  Conservation  and  Development  (RC  &  D) 
Project  is  concerned  with  four  counties,  namely  Spencer,  Perry,  Craw- 
ford and  Harrison  (Fig.  1).  All  of  these  abut  the  Ohio  River  on  the 
south  and  are  in  the  unglaciated  hilly  section  of  Indiana.  This  locally- 
initiated,  sponsored  and  administered  project  has  designs  for  and 
is  implementing  a  program  of  land  and  water  conservation  and  utiliza- 
tion which  is  helpful  to  both  rural  and  urban  people.  The  project 
is  officially  sponsored  by  the  County  Commissioners,  Park  Boards, 
Soil  and  Water  Conservation  Districts,  City  Councils  and  other  legal 
units  of  government.  Personnel  from  various  federal  agencies  con- 
tribute technical  know-how.  Money  from  different  federal,  state  and 
local  sources  help  implement  sound  economic  and  social  programs 
to  improve  the  economy  and  the  standard  of  living  of  the  people. 
A  16-man  steering  committee,  with  equal  representation  from  all  4 
counties,  administers  the  overall  coordination  and  directs  both  the 
planning  and  implementation  of  plans.  An  adequate  evaluation  of 
this  project  during  its  first  6  years  of  existence  would  require  another 
paper. 

Partly  due  to  the  successes  in  the  Lincoln  Hills  RC  &  D  Project 
and  also  because  of  many  similar  needs  and  problems  in  Southeastern 
Indiana,  the  local  people  in  the  eight  counties  of  Franklin,  Dearborn, 
Ohio,  Switzerland,  Ripley,  Jennings,  Jefferson  and  Scott  have  applied 
for  a  resource  conservation  and  development  project  in  their  area 
based  on  a  study  entitled  An  Overall  Economic  Development  Study  of 
Southeastern  Indiana  (8).  Before  the  Historic  Hoosier  Hills  Project 
can  become  a  reality,  this  application  must  secure  approval  from  the 
federal  government  which  provides  the  funds. 

Two  additional  potential  resource  conservation  and  development 
projects,  the   Four  Rivers   and   the   Sycamore   Trails,  are   in  the   study 
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and  application-preparation  stage.  Located  in  Southwestern  Indiana, 
the  potential  Four  Rivers  RC  &  D  Area  contains  the  nine  counties 
of  Posey,  Vanderburgh,  Warrick,  Gibson,  Pike,  Dubois,  Knox,  Daviess 
and  Martin  (Fig.  1).  All  of  these  are  in  Region  13  of  the  Indiana 
Planning  and  Development  Regions  (Fig.  2),  which  Region  also 
contains  the  two  additional  counties  of  Spencer  and  Perry  but  these 
cannot  be  placed  in  the  Four  Rivers  RC  &  D  Area  because  they 
were  placed  in  the  Lincoln  Hills  RC  &  D  Project  established  over  4 
years  before  the  Indiana  Planning  and  Development  Regions  were 
established.  The  Sycamore  Trails  RC  &  D  Area,  located  in  west  central 
Indiana,  includes  Sullivan,  Vigo,  Vermillion,  Parke,  Clay,  Putnam 
and  Owen  counties.  The  boundaries  of  this  area  almost  coincide  with 
those  of  Region  7  of  the  Indiana  Planning  and  Development  Regions. 
The  exception  is  Owen  County  which  is  not  in  Region  7  but  in  Region 
10. 

Official  State  Planning  and  Development  Regions 

Governor  Roger  D.  Branigin,  in  response  to  memorandum  and 
directives  from  President  Lyndon  B.  Johnson  and  the  Executive  Office 
of  the  President,  Bureau  of  the  Budget,  sent  during  1966,  1967  and 
1969  (6),  established  by  Executive  Order  No.  18-68,  the  Planning 
and  Development  Regions  of  Indiana  (6).  This  executive  order  divided 
the  state  into  14  planning  and  development  regions  (Fig.  2).  These 
regions  have  been  named  unofficially  after  the  largest  city  or  cities 
in  each  region  in  the  following  manner:  Region  1,  Gary-Hammond- 
East  Chicago;  Region  2,  South  Bend-Elkhart;  Region  3,  Fort  Wayne; 
Region  4,  Lafayette;  Region  5,  Kokomo-Logansport;  Region  6,  Ander- 
son-Muncie;  Region  7,  Terre  Haute;  Region  8,  Indianapolis;  Region  9, 
Richmond-Connersville;  Region  10,  Bloomington-Bedford;  Region  11, 
Columbus;  Region  12,  Lawrence-Madison;  Region  13,  Evansville  and 
Region  14,  New  Albany- Jeff ersonville  (7). 

Since  these  regions  did  not  become  official  until  December  4,  1968, 
some  regional  administrative  systems  pre-date  their  establishment 
by  five  or  more  years,  as  an  example,  the  Lincoln  Hills  RC  &  D 
Project.  But  some  administrative  regional  systems  have  been  formed 
during  1969  and  1970  which  have  apparently  ignored  the  14  official 
Planning  and  Development  Regions.  For  example,  the  Southwestern 
Regional  Service  Center,  serving  19  counties  in  Southwestern  Indiana, 
encompasses  all  11  counties  in  Region  13,  4  in  Region  14,  two  in 
Region  10  and  one  each  in  Regions  7  and  8.  Theoretically  the  Center 
might  have  been  created  to  serve  the  21  counties  in  Regions  13, 
10  and  7  rather  than  taking  all  the  counties  of  Region  13  and  some 
from  4  others.  Fortunately,  some  agencies  have  adopted  and  are 
using  the  official  regions. 

It  is  now  becoming  apparent  to  many  informed  citizens  that  there 
is  an  urgent  need  for  consistent  regions.  A  maze  of  regional  systems 
tend  to:  1)  waste  the  talents  of  the  people,  2)  lead  to  duplication, 
3)  create  antipodal  policies  and  programs  leading  to  disagreeable  con- 
troversies, and  4)  be  inefficient  and  ineffective. 
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If  the  official  Planning  and  Development  Regions  are  adopted, 
many  advantages  accrue  to  the  various  agencies  contributing  to  the 
standardization.  Some  of  these  advantages  are:  1)  people  have  only 
one  system  to  keep  in  mind;  2)  these  regions  provide  a  uniform 
framework  for  research  and  study,  and  the  data  collected  on  a  common 
basis  makes  possible  comparability;  3)  region-wide  common  problems 
can  be  identified,  priorities  agreed  upon,  and  programs  implemented, 
thereby  permitting  different  regions  to  develop  at  different  rates  of 
speed  but  maintaining  multi-county  interest  and  uniformity;  and  4)  a 
uniform  system  of  regions  permits  each  region  to  capitalize  on  securing 
money  and  technical  assistance  from  various  agencies,  levels  of  gov- 
ernment, and  improvements  from  private  enterprise. 

Fourteen  Regional  Planning  Commissions 

Some  administrators  and  leaders  believe  that  the  time  is  right 
to  push  ahead  with  planning  by  creating  14  regional  planning  commis- 
sions within  the  state,  one  for  each  developmental  region.  Plans  are 
being  made  for  the  introduction  of  a  bill  in  the  1971  Indiana  legislature 
entitled  "Regional  Planning  and  Development  Act  of  1971"  which 
will,  if  enacted  into  law,  create  a  Planning  Commission  for  each  of 
the  official  14  Planning  and  Development  Regions.  Should  this  bill 
be  enacted  in  substantially  its  present  form,  it  may  prove  to  be  the 
second  major  milepost  in  implementing  regional  developmental  planning 
in  Indiana. 
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The  Indiana  Coal  Industry  Surface  Mining  Reclamation  Program 

Charles  Medvick 
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Terre  Haute,  Indiana  47808 

Abstract 

There  had  been  101,178  acres  disturbed  in  Indiana  in  the  process  of  surface  mining 
for    coal    as    of    June,    1970.    Over    3,000    acres    are    currently    being    disturbed    annually. 

The  Indiana  coal  mining  industry  operates  the  oldest  continuous  surface  mining 
revegetation  program  in  the  country.  Beginning  in  1926,  sixteen  conifer  and  28 
broadleaf  tree  species  and  other  perennials  have  been  planted.  The  future  trend  of 
vegetation  type  is  shown  to  be  an  increase  of  forage  production  and  a  decrease  of 
forest  plantation.  Some  surface  mined  lands  have  been  successfully  reclaimed  for 
tillable  crop  production.  Some  implications  of  the  current  (1967)  reclamation  law 
remain  unresolved. 

Introduction 

Discussions  following  previous  papers  (presented  before  Indiana 
Academy  of  Science  meeting's)  on  reclamation  of  surface  mined  lands 
indicate  that  increased  information  exchange  between  coal  companies, 
conservationists,  and  the  scientific  community  would  be  desirable.  If 
an  exchange  of  information  is  desirable,  then  it  is  incumbent  upon 
the  coal  industry  to  make  known  what  it  has  done,  what  it  is  doing, 
and  what  it  plans  in  the  future. 

The  coal  industry,  through  the  Coal  Association's  Conservation 
Department,  does  keep  abreast  of  the  latest  known  reclamation  tech- 
niques and  strives  to  apply  these  measures.  There  are  indications  that 
some  inconsistencies  exist  concerning  the  extent  of  surface  mining 
and  reclamation  efforts  in  Indiana. 

Extent  of  Surface  Mining  in  Indiana 

Data  concerning  the  extent  of  surface  mining  and  reclamation  in 
Indiana  is  available  from  a  special  report  of  the  Indiana  Geological 
Survey  entitled  Coal  Strip-Mined  Land  in  Indiana  (4),  or  from  the 
Indiana  Department  of  Natural  Resources  Reclamation  Supervisor's 
office  at  Shakamak  State  Park.  All  mining  companies  are  required 
to  file  certified  maps  and  acreage  figures  for  disturbed  and  revegetated 
acres  annually  with  the  latter  office. 

Coal  Association's  records  show  that  101,178  acres  had  been  dis- 
turbed in  Indiana  by  surface  mining  for  coal  as  of  June,  1970.  For  the 
past  5  years,  surface  coal  mining  has  disturbed  slightly  over  3,000 
acres  annually.  The  first  year  in  which  as  much  as  3,000  acres  were 
disturbed  was  1966.  There  have  been  32,700  acres  disturbed  since 
1959.  This  last  figure  is  significant  because  an  earlier  report  indicated 
that  93,836  acres  had  been  disturbed  prior  to  1959  (2).  If  the  previous 
report  (2)  was  accurate,  then  the  present  total  disturbed  acreage 
would  be  126,536,  some  25,358  acres  greater  than  the  101,178  acre 
total  reported  in  this  study. 
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Similar  variation  in  acreage  is  noted  for  individual  Indiana  coun- 
ties. An  earlier  report  (2)  indicated  that  Clay  and  Greene  Counties 
had  18,295  and  18,200  acres  disturbed,  respectively,  by  1959  (2).  My 
data  reveal  only  14,298  and  12,476  disturbed  acres,  respectively,  for 
the  two  counties  in  1969. 

All  companies  licensed  to  surface  mine  coal  in  Indiana  are  required 
to  file  maps  and  acreage  records  annually  with  the  State  Reclamation 
Supervisor.  When  such  is  done,  the  Indiana  Coal  Association  always 
obtains  duplicate  copies  of  such  reports  and  maps.  This  makes  it 
possible  for  this  office  to  always  have  a  current  tally  of  acreage  dis- 
turbed. Individual  county  figures  are  obtained  by  planimetering  U.  S. 
Government  Agricultural  Stabilization  and  Conservation  Service  aerial 
photographs  and  updating  with  the  aforementioned  measured  map  data. 

Scope  and  Longevity  of  Surface  Mining  Reclamation  in  Indiana 

The  Indiana  coal  mining  industry  has  the  oldest  continuous  surface 
mining  revegetation  program  in  the  country  (3).  Two  general  aspects 
of  this  revegetation  program  are  subsequently  discussed. 

The  first  aspect  is  the  changes  in  plant  species  used  during  the 
past  40  years.  The  second  aspect  involves  a  discussion  of  land  treat- 
ment measures  showing  the  pattern  leading  to  present  practices. 

Although  some  planting  of  fruit  trees  was  done  as  early  as  1918 
and  some  forest  trees  were  planted  in  1926,  the  organized  continuous 
program  of  revegetating  surface  mined  acres  did  not  begin  until 
1928.  Tree  planting  stock  used  in  1928  was  either  brought  in  from 
out  of  state  or  "wildlings"  were  used,  because  Indiana  did  not  yet 
have  an  established  tree  nursery  program  (Ralph  Wilcox,  personal 
communication).  Since  no  other  state  had  yet  engaged  in  revegetating 
disturbed  coal  lands,  it  was  not  possible  to  look  elsewhere  for  guidance. 
Ralph  Wilcox  and  Joseph  Kaylor,  then  in  the  State  Forester's  office, 
made  the  original  selection  of  tree  species. 

Table  1  is  a  chronological  listing  of  the  16  conifer  and  28  broad- 
leaf  species  planted  from  1926  to  the  present  time.  Of  the  conifer 
species  originally  used,  only  white  pine  and  jack  pine  are  still  planted. 
On  the  other  hand,  five  original  hardwood  species  (black  locust,  red 
oak,  white  oak,  tulip  poplar  and  black  walnut)  are  still  in  use.  Red 
oak.  white  oak,  tulip  poplar,  and  black  walnut  were  discontinued  for 
a  period  of  years  before  establishing  themselves  as  permanently 
accepted  species.  Probably  the  best  guide  available  today  in  selecting 
tree  species  to  plant  on  surface  mined  areas  is  familiarity  with  failures 
of  the  past.  Upon  reviewing  the  chronological  species  composition 
in  Table  1,  it  can  be  presumed  that  those  species  which  have  been 
discontinued  either  did  not  perform  satisfactorily  or  are  not  sufficiently 
desirable  to  justify  continued  use.  Of  20  non-arborescent  perennial 
species  tried,  only  1  (autumn  olive)  has  found  a  place  in  our  regular 
revegetation  program.  Bristly  locust  may  prove  useful  if  seed  supply 
and  nursery  problems  are  solved. 
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Table  1.     Summary  of  tree  species  planted  by  chronological  time  period. 


Time  Period  Planted  19  —  (years  inclusive) 


Species 

26-30 

31-35 

36-40 

41-45 

46-50 

51-55 

56-60 

61-65 

66-69 

Conifers 

1  Arborvitae,  American 

X 

3  Cedar,  white 

X 

Cypress,  bald 

X 

X 

X 

X 

X 

X 

Pine,  corsican 

X 

Pine,  jack 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Pine,  loblolly 

X 

X 

Pine,  pitch 

X 

X 

X 

X 

X 

X 

Pine,  red 

X 

X 

X 

X 

X 

X 

X 

X 

Pine,  Scotch 

X 

X 

X 

X 

Pine,  shortleaf 

X 

X 

X 

X 

Pine,  Virginia 

X 

X 

X 

X 

X 

X 

Pine,  white 

X 

X 

X 

X 

X 

X 

X 

X 

Larch,  European 

X 

Larch,  Japanese 

X 

Spruce,  Norway 

X 

X 

X 

1  Spruce,  white 

X 

X 

Hardwoods 

Alder,  black 

X 

X 

X 

Ailanthus 

X 

Ash,  green 

X 

X 

X 

Ash.  white 

X 

X 

X 

X 

X 

Birch,  river 

X 

X 

Birch,  yellow 

X 

Chestnut,  Chinese 

X 

X 

X 

X 

X 

Cottonwood,  eastern 

X 

X 

X 

X 

X 

X 

1  Cottonwood,  plains 

X 

1  Dogwood,  flowering 

X 

X 

1  Elm,  American 

X 

Gum,  sweet 

X 

X 

X 

X 

X 

X 

Locust,  black 

X 

X 

X 

X 

X 

X 

X 

X 

2  Maple,  red  &  silver 

X 

X 

X 

X 

X 

Maple,  sugar 

X 

X 

X 

Oak,  chestnut 

X 

X 

1  Oak,  cork 

X 

]  Oak,  cow 

X 

Oak,  red 

X 

X 

X 

X 

X 

X 

X 

Oak,  white 

X 

X 

X 

X 

X 

X 

1  Osage-orange 

X 

1  Pecan,  commercial 

X 

1  Poplar,  hybrid 

X 

X 

Poplar,  tulip 

X 

X 

X 

X 

X 

X 

X 

1  Redbud 

X 

X 

Sycamore 

X 

X 

X 

X 

X 

Walnut,  black   (nuts) 

X 

X 

X 

(seedlings) 

X 

X 

X 

X 

X 

X 

X 

1  Willow 

X 

1  Species  planted  only  in  token  quantity.  (Also,  a  few  Douglas-fir  trees  (not 
listed)  have  survived  on  one  site  and  some  catalpa  exist  which  apparently  were  planted 
but  were  not  recorded.) 

3  Some  years,  red  or  silver  maple  were  identified.  Some  years,  the  record  only 
listed  soft  maple. 
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Revegetation  of  surface  mined  lands  for  forage  production  for 
cattle  grazing  was  initiated  about  25  years  ago  (5).  However,  large 
scale  production  became  a  major  aspect  of  our  revegetation  program 
only  within  the  last  5  years.  We  seed  from  1,000  to  2,200  acres  to 
forage  crops  annually. 

Major  seeding  work  is  done  in  February  and  March  by  broadcast 
seeding  using  fixed  wing  aircraft.  The  following  two  seeding  mixtures 
are  commonly  used: 

1)  For  Sites  With  Highly  Favorable  Nutrients  And  Acidity 

Species  Pounds  Per  Acre 
Alfalfa  10 

Tall  fescue  5 

Orchard  grass  5 

Total  20 

2)  For  Sites  With  Less  Than  Optimum  Nutrients  And  Alkalinity 

Species  Pounds  Per  Acre 
Alfalfa  7 

Korean  lespedeza  3 

Tall  fescue  10 

Yellow  sweet  clover  2 

Total  22 

When  hay  production  is  planned,  only  alfalfa  is  sown.  We  have  ex- 
perienced continuous  alfalfa  hay  production  for  as  much  as  8  to  10 
years  with  no  liming  or  fertilization  needed,  after  which  time,  stand 
renovation  or  conversion  became  necessary. 

Reclamation  of  mined  lands  for  tillable  crops  has  been  only  on 
a  small  scale  to  date,  with  varying  degrees  of  success.  Commercial 
crops  produced  to  date  include  corn,  sorghum,  soybeans,  and  wheat. 
Wheat  has  consistently  performed  the  best  thus  far.  Experience  to 
date  indicates  that  a  period  of  several  years  of  forage  production  is 
desirable  on  this  new  land  before  beginning  tillable  crop  production. 
Several  desirable  edaphic  improvements  result  from  deep-rooted  plants 
such  as  alfalfa.  Production  or  incorporation  of  organic  matter  improves 
porosity,  water  infiltration,  and  water  holding  capacity.  One  farm 
manager  reports  that  a  particular  site,  after  initially  experiencing 
considerable  erosion,  had  apparently  ceased  to  be  an  erosion  problem 
during  wheat  production  after  undergoing  10  years  of  hay  production. 
The  benefits  of  nitrification  from  leguminous  alfalfa  and  sweet  clover 
are  obvious.  It  should  be  emphasized  here  that  the  edaphic  matter 
we  are  discussing  is  not  actually  soil,  if  soil  scientists'  definition  of 
soil  is  to  be  respected. 

Implications  of  the  Current  Reclamation  Law 

The  amount  of  grading  required  under  the  current  reclamation 
law  probably  will  bring  about  more  intensive  uses  and  more  intensive 
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management  of  reclaimed  areas.  Where  site  capability  permits  agro- 
nomic uses,  whatever  management  refinements  and  land  use  versatility 
are  needed,  no  doubt,  will  come  about.  However,  where  excessive  stoni- 
ness,  excessive  sandiness  or  high  acidity  dictates  less  intensive 
land  use  such  as  afforestation,  then  we  still  have  a  problem  which 
justifies  some  concern.  Inferior  tree  survival  and  growth  due  to 
site  compaction  created  by  tractors  in  the  grading  process  is  to  be 
expected;  and,  hopefully,  in  some  way  resolved  (1).  Pines  may  again 
replace  hardwoods  as  the  most  commonly  planted  species  on  these 
areas  because  pines  appear  to  tolerate  site  compaction  better  than 
hardwoods. 

Upon  reading  the  current  (1967)  reclamation  law  and  the  ad- 
ministration guidelines,  one  readily  concludes  that  demands  for  aesthetics 
supercede  productivity  and  economics  by  far.  To  the  extent  that 
scenically  attractive  reclamation  can  be  achieved  within  tolerable  cost 
limits  and  post  reclamation  land  use  not  infringed  upon  intolerably, 
one  is  hard  pressed  to  oppose  present  Indiana  legal  reclamation  re- 
quirements. However,  adversities  due  to  site  compaction  brought  about 
by  required  grading  work  are  numerous  and  ought  not  to  be  overlooked. 
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Abstract 

Changes  in  the  flow  characteristics  of  a  stream  resulting  from  dam  construction 
are  shown  to  alter  the  transverse  profile  of  Stevens  Creek,  which  enters  upstream 
from  the  Monroe  Reservoir  dam  site  in  south-central  Indiana.  Depending  on  lake 
level,  the  stream  segment  which  is  situated  at  an  intermediate  elevation  between  the 
maximum  and  minimum  levels  of  the  lake  experiences  two  totally  different  flow 
regimes.  During  periods  of  low  lake  levels,  the  flow  characteristics  of  the  stream 
are  dependent  on  discharge.  At  periods  of  high  lake  levels  the  flow  characteristics  de- 
pend on  the  elevation  of  the  lake.  Independent  of  stream  discharge  and  as  a  result 
of  the  new  flow  conditions  induced  by  the  dam,  sedimentation  occurs  within  the  new 
wetted  perimeter  of  the  channel  during  periods  of  high  lake  levels.  The  amount 
of  sedimentation  depends  on  the  stream  discharge.  The  new  sedimentation  regime  of 
the  stream  which  is  primarily  one  of  deposition  appears  to  be  changing  the 
morphology  of  Steven's  Creek  transverse  profile  by  making  the  profile  both  narrower 
and  deeper  in  appearance. 

In  geomorphic  studies,  the  construction  of  a  dam  represents  an 
abrupt  man-induced  environmental  change  that  significantly  alters 
both  the  hydrology  of  the  river  and  the  landscape.  Besides  drowning 
a  portion  of  the  existing  river  valley,  a  reservoir  induces  changes  in 
both  the  upstream  and  downstream  environments  of  the  catchment 
basin.  Recent  studies,  stressing  fluvial  processes,  indicate  that  many 
aspects  of  stream  morphology  and  associated  landforms  are  in  a 
quasi-equilibrium  with  the  environment.  Because  of  the  disruption 
in  the  pre-dam  environment,  adjustments  should  occur  in  the  morphology 
of  the  stream  channels  directly  affected  by  the  backwaters  of  the 
dam.  These  form  adjustments  are  expected  since  numerous  variables, 
especially  flow  characteristics,  will  change  once  the  dam  is  functioning. 

Completed  in  1965,  the  Monroe  Reservoir  catchment  area  in 
south-central  Indiana  provides  an  opportunity  for  study  of  incipient 
and  extended  changes  in  the  transverse  profiles  of  streams  within 
zones  directly  affected  by  the  backwaters  of  dams.  The  specific  stream 
chosen  for  investigation,  Stevens  Creek,  represents  a  general  example 
of  a  stream  flowing  into  a  reservoir.  Stevens  Creek  flows  into  the 
northwestern  portion  of  Lake  Monroe  and  at  the  investigation  site, 
the  stream  bed  elevation  is  541  feet.  This  elevation  is  an  intermediate 
elevation  between  the  regular  pool  lake  level  of  538  feet  and  maximum 
flood  level  of  556  feet.  When  lake  levels  are  less  than  541  feet,  the 
stream  dynamics  of  Stevens  Creek  are  similar  to  pre-dam  conditions 
even  though  its  base  level  has  been  raised. 
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When  Lake  Monroe's  level  is  greater  than  541  feet,  the  stream 
at  the  station  site  is  directly  affected  by  the  backwaters  of  the  lake. 
It  is  during  these  periods  of  high  lake  levels  that  major  adjustments 
in  the  transverse  profile  should  occur  due  to  the  major  changes  in 
flow  characteristics  of  the  stream.  Between  the  study  period  from 
October  1965  to  July  1969,  the  lake  level  fluctuated  between  a  maximum 
of  548  feet  and  a  minimum  of  535  feet,  thus  affording  diverse  flow 
conditions  at  the  investigation  site. 

At-A-Station  Hydraulic  Geometry 
for  Lake  Levels  Less  Than  541  Feet 

Utilizing  data  collected  at  the  Stevens  Creek  Station,  the  adjust- 
ments of  stream  width,  depth,  and  velocity  to  discharge  fluctuations 
are  described  by  the  following  three  equations  [1]  where  Q  represents 
discharge,  and  w,  d,  and  v  stand  for  the  surface  width,  the  mean 
depth,  and  the  mean  velocity  of  the  stream: 

w  =  25.11Q007 

[1]  d  =     0.51QO-26 

v  =     0.08QO  66 

These  equations  were  computed  using  discharge  data  ranging  from 
2.22  to  153.74  cfs.  These  equations  derived  through  regression  anal- 
ysis indicate  that  for  any  given  increase  in  discharge,  velocity  in- 
creases at  the  greatest  rate  and  channel  width  increases  at  the  lowest 
rate.  These  adjustments  of  width,  depth,  and  velocity  to  discharge 
fluctuations  are  of  the  general  form  found  in  other  recent  studies   (2). 

Along  with  the  measurement  of  stream  discharge,  samples  of 
suspended  sediment  load  were  obtained  at  the  Stevens  Creek  Station 
for  a  wide  range  of  discharges  and  subjected  to  both  size  and  weight 
analysis.  The  average  suspended  sediment  load  for  Stevens  Creek 
for  three  different  discharge  conditions  were: 

low  discharge   (     2.22   cfs)—     3.2  mg/1 

[2]     moderate  discharge   (   21.33    cfs)—  10.7  mg/1 

high  discharge   (153.74  cfs)— 965.2  mg/1 

From  the  observation  of  chains  set  within  the  stream  channel,  the  velocity 
associated  with  the  stream  discharges  are  sufficient  to  prevent  deposi- 
tion of  the  suspended  load  at  the  Stevens  Creek  Station  over  an  ex- 
tended period. 

At-A-Station  Hydraulic  Geometry  With  Lake  Levels 
Greater  than  541  Feet 

During  the  study  period,  the  lake  level  was  greater  than  541  feet 
on  11  different  occasions.  The  maximum  time  period  in  which  the  lake 
was  continually  over  541  feet  was  21  days,  while  the  maximum  lake 
level  reached  was  547.6  feet.  With  lake  levels  greater  than  541  feet, 
the  flow  characteristics  of  Stevens  Creek  are  altered  by  the  back- 
waters   of   the    lake.    During  these    periods    of   high    lake    levels   at   the 


Geography — Geology 


353 


study  site,  Stevens  Creek  experiences  completely  different  flow  char- 
acteristics than  at  low  lake  levels.  As  a  result,  the  3  previous  at-a- 
station  equations  [1]  are  not  valid  for  the  periods  when  the  lake  level  is 
greater  than  541  feet. 

For  periods  of  high  lake  levels,  the  adjustment  of  the  stream  to 
width,  depth,  and  velocity  changes  is  primarily  dependent  on  the  lake 
level  and  not  on  stream  discharge.  With  high  lake  levels,  the  stream 
channel  at  the  study  site  becomes  a  portion  of  the  lake  itself  causing 
the  waters  within  the  channel  to  flow  at  velocities  less  than  1  fps. 
During  these  periods,  the  mean  depth  and  width  of  the  creek  fluctuate 
as  the  lake  level  changes  while  the  velocity  of  the  stream  in  the 
"lake  portion"  remains  at  a  fairly  low  ebb   (less  than   1  fps). 

Because  this  reduced  velocity  remains  fairly  constant  whenever 
Lake  Monroe  is  above  the  541  foot  level,  the  post-dam  dynamics  of 
Stevens  Creek,  at  the  study  site,  are  different  than  the  normal  ad- 
justments expected  in  a  free-flowing  stream  condition.  However,  the 
velocity  rates  and  sediment  load  of  Stevens  Creek  above  the  reservoir 
level  are  unaffected  by  the  variations  of  the  lake  levels.  Consequently, 
the  inundated  "lake  portion"  of  the  Stevens  Creek  channel  receives 
a  continuous  supply  of  suspended  sediment  during  periods  of  lake 
levels  greater  than  541  feet  from  the  upstream  segment  of  the  creek. 
With  the  low  velocities  within  the  "lake  portion"  of  the  stream  and 
the  continuous  incoming  sediment  from  upstream,  deposition  would  be 
expected  to  occur.  These  sediments,  if  deposited  within  the  reach 
of  Stevens  Creek  that  is  temporarily  under  water,  should  alter  the 
morphology  of  the  stream  channel  over  a  period  of  time   (Fig.   1). 


Figure  1.     Steven's  Creek  channel  cross  section. 


Utilizing  the  samples  of  suspended  sediment  [2],  the  amount 
of  sedimentation  that  would  occur  within  the  temporarily  flooded 
portion  of  the  channel  was  computed  using  Stoke's   Law.   Accordingly, 
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the  following-  amounts  of  sedimentation  are  expected  when  the  free 
flowing  upstream  portion  of  the  creek  is  experiencing  the  following 
discharges: 

low  discharge  (     2.22  cfs) —  17  kg  of  sediment/24  hours 

[3]  moderate  discharge  (   21.33  cfs) —        560  kg  of  sediment/24  hours 

high  discharge  (153.74  cfs) — 316,000  kg  of  sediment/24  hours 

While  the  amount  of  sediment  for  the  high  discharge  appears  ex- 
tremely high,  previous  studies  of  other  small  stream  basins  have 
produced  similar  results  (1). 

Expected  Morphology  Changes 

Prior  to  the  existence  of  Lake  Monroe,  the  present  backwater 
reach  of  Stevens  Creek  was  never  characterized  by  near-zero  water 
velocities  under  the  constraints  of  low  frequency  (large  discharges) 
stream  flows.  Pre-dam  conditions  for  Stevens  Creek  probably  ap- 
proximated the  relations  expressed  by  the  three  at-a-station  equations 
[1]  for  all  in-bank  discharges.  Little,  if  any,  sedimentation  occurred 
during  the  pre-dam  period,  even  though  large  amounts  of  sediment 
were  present  as  the  stream  velocities  were  generally  sufficient  to 
keep  the  sediments  suspended.  Actually,  evidence  during  the  high 
discharges  suggests  that  channel  scour  was  the  general  case,  and 
this  was  an  important  factor  in  determining-  the  stream  channel 
morphology.  Under  post-dam  conditions,  when  the  reservoir  levels 
are  high,  it  is  possible  to  experience  large  sediment  concentrations, 
low  velocities,  and  small  discharges.  During  these  periods  of  high 
lake  levels,  the  whole  wetted  perimeter  of  the  channel  is  exposed  to 
sedimentation.  Depending  on  the  upstream  flow  characteristics,  any- 
where from  17  kg  to  316  metric  tons  of  sediment  can  be  deposited 
on  the   wetted  perimeter  of  the   channel   during  a   24-hour  period    [3]. 

The  wetted  stream  perimeter  of  Stevens  Creek  is  smaller  for  a 
given  discharge  at  low  lake  levels  than  at  high  lake  levels  (Fig. 
1).  It  is  during  these  low  lake  level  periods  that  possible  fluvial 
erosion  conditions  exist  at  the  station.  Under  the  present  conditions 
of  stream  flow,  the  potential  of  stream  erosion  is  higher  under  low 
reservoir  level  conditions  where  there  is  a  smaller  wetted  perimeter. 
As  the  channel  adjusts  to  post-dam  flow  regimes,  the  transverse 
profile  of  Stevens  Creek  morphologically  will  appear  to  become  deeper 
and  narrower  (Fig.  1).  This  form  change  results  from  the  deposition 
of  sediment  within  the  larger  channel  during  high  lake  levels,  while 
the  erosion  of  channel  materials  is  confined  to  the  smaller  wetted 
perimeter  during  the  periods  of  low  reservoir  levels.  This  will  produce 
an  illusion  of  stream  entrenchment,  when  in  actuality  the  form  of  the 
narrow,  deep  channel  is  primarily  a  result  of  deposition. 

Summary  and  Future  Research 

With  the  further  evidence  that  fluvial  processes  adjust  rapidly 
to  the  flow  characteristics  of  streams,  it  is  possible  to  apply  hydro- 
logical    laws    in    order   to   predict   geomorphic    changes.     The  application 
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of  Stokes'  Law,  along-  with  the  consideration  of  the  flow  and  channel 
characteristics  of  Stevens  Creek,  suggests  that  in  the  intermediate 
segments  of  the  channel  which  are  directly  affected  by  the  backwaters 
of  the  lake,  a  substantial  morphological  change  in  the  channel  profile 
is  occurring.  This  change  is  a  direct  result  of  the  construction  of  the 
dam.  While  this  morphological  change  is  somewhat  limited  in  its 
areal  extent,  numerous  studies  concentrating  on  other  affected  hy- 
drologic  variables  (shorter  channel  lengths,  higher  water  tables)  might 
uncover  other  morphological  changes  resulting  from  the  dam  con- 
struction. The  sum  of  these  minor  changes  could  alter  the  present 
landscape  significantly.  One  result  of  such  studies  could  be  that  the 
geomorphologist  could  assume  a  more  important  role  in  predicting 
environmental  changes  induced  by  dams  and  other  man-made  projects. 
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Abstract 

Mean  elevation  and  relative  relief  data  were  chosen  from  the  698  U.S.G.S. 
topographic  maps  comprising  the  state  of  Indiana.  These  data  were  used  in  Syna- 
graphic Computer  Mapping  to  construct  1:1  million  scale  mean  elevation  and  relief 
maps  of  the  state.  The  mean  elevation  map  was  divided  into  5  zones :  333-502,  502- 
672,  672-841,  841-1011,  and  1011-1180  feet;  whereas  the  relative  relief  map  zones  were 
20-141,  141-262,  262-382,  382-503,  and  503-624  feet.  Production  time  necessary  for 
the  two  maps  was  only  70  man-hours. 

Introduction 

Small-scale  maps  depicting  elevation  and  relief  conditions  of  rela- 
tively large  areas  long  have  been  used  in  teaching  geography  and 
geology,  and  as  standard  presentations  in  textbooks,  atlases,  wall 
maps,  and  journal  articles.  Among  the  common  graphic  techniques 
employed  have  been  contour  lines,  altitude  tints,  black-and-white  screen 
patterns,  physiographic  symbols,  hachure  marks,  and  pictorial  shading. 

Regardless  of  technique,  all  such  maps  face  a  common  problem; 
significant  differences  or  similarities  of  land  surfaces  are  difficult 
to  portray  because  of  the  high  degree  of  simplification  required  at 
such  a  small  scale.  For  example,  Kingsbury  (2)  used  a  black-and- 
white  page  size  (8M2  x  11  inches)  map  of  Indiana  topography  with 
only  five  contour  lines  at  400,  600,  800,  1000,  and  1200  feet  above 
sea  level.  While  further  contour  lines  on  this  map  would  have  been 
more  desirable,  they  probably  would  have  detracted  seriously  from  the 
reader's  use  of  the  map.  Nevertheless,  this  contour  interval  is  far 
too  large  to  portray  anything  but  highly  generalized  elevation  zones. 

In  a  course  in  cartography  at  Indiana  University,  the  use  of  com- 
puter mapping  was  discussed.  Among  the  programs  considered  was 
Synagraphic  Mapping,  a  computer  program  whose  maps  were  produced 
on  an  alpha-numeric  printer  rather  than  a  line  plotter. 

Map  output  in  the  form  of  letters  and  numbers  rather  than 
conventional  lines,  colors,  or  screen  patterns  offered  the  opportunity 
of  experimenting  with  distinct  types  of  elevation  and  relief  maps. 
It  was  reasoned  that  small-scale  Indiana  maps  with  computer-made 
patterns  might  create  graphic  products  which  were  considerably  more 
meaningful   and   useful   than   those   using   conventional   techniques. 

Methods 
Computer  Program 

Synagraphic  Mapping  or  SYMAP  is  a  computer  program  for 
producing    certain    types    of    qualitative    and    quantitative    distribution 
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maps.  Originally  conceived  in  1963,  more  recent  improvements  and 
developments  in  the  program  have  come  from  the  Laboratory  for 
Computer  Graphics,  Graduate  School  of  Design,  Harvard  University. 
The  program  is  written  in  Fortran  IV  and  is  available  as  a  source 
deck  of  approximately  5,000  cards  or  on  tape. 

Since  SYMAP  products  come  from  the  alpha-numeric  printer, 
overprinting  of  letter  combinations  were  used  to  produce  increasingly 
darker  patterns.  Thus,  the  solid  black  areas  on  Figures  1  and  2  were 
made  by  overprinting  A,  O,  V,  and  X. 

Five  printer  patterns  and  five  data  zones  were  used  in  both 
sample  maps.  Increasingly  darker  printer  patterns  on  a  gradational 
basis  are  used  to  show  increasingly  higher  data  zones.  While  the 
program  will  accommodate  ten  data  zones,  our  experimentation  sug- 
gests that  five  is  about  maximum.  Beyond  five  data  zones,  the  printer's 
symbolization  choice  is  insufficient  to  produce  clear  and  distinctive 
gradational  zones. 

In  brief,  these  types  of  data  are  discovered  and  fed  to  the  com- 
puter on  separate  punched  cards:  1)  outline  points  delineating  the 
area  to  be  mapped;  2)  data  point  locations  within  the  area  (and 
outside  the  area  where  they  are  to  be  used  for  calculations);  3) 
data  point  values.  All  outline  and  data  points  are  punched  as  X 
and  Y  coordinates  in  tenths  of  inches  from  an  upper-left  origin 
point;  these  are  generally  calculated  from  an  existing  selected  base 
map  (1). 

Each  of  the  sample  Indiana  maps  required  1,493  punched  cards — 
97  for  the  outline  of  Indiana,  698  for  the  data  point  locations,  and 
698  for  data  point  values.  The  mapping  was  accomplished  by  the 
CDC  3400-3600  system  at  the  Research  Computing  Center,  Indiana 
University. 

Mapping 

Mean  elevation  and  relative  relief  were  mapped  in  this  study.  Both 
maps  were  based  upon  data  obtained  from  the  698  published  U.S. 
Geological  Survey  7V2  minute  (1:24,000)  topographic  quadrangles  for 
Indiana. 

The  highest  and  lowest  elevations  were  taken  from  each  quad- 
rangle map.  These  two  elevation  readings  were  averaged  to  derive 
a  mean  elevation  value.  The  difference  between  the  highest  and 
lowest  elevations  constituted  the  relative  relief  within  the  area  and 
each  topographic  quadrangle. 

For  example,  on  the  Columbus  topographic  quadrangle  the  high- 
est elevation  was  745  feet  and  the  lowest  was  585  feet.  Therefore, 
the  mean  elevation  was  665  feet  above  sea  level  and  the  relative 
relief  was  160  feet. 


358 


Indiana  Academy  of  Science 


""iritisiiit 


333-502  FEET 


n   i.   IlluuiMl  n  H  Ml  lllll    I  1,11  il  muhhh 

■  ■   ..i mil i hi  i.i.iu  i  i.i  i  i  i  i  m 

■  ii  nililuOillJO.JIJI'UUlljnuOllDD   Ulli  HH 

.      l.  .ii  ii:hi:ii:i  ,,  i  dim,  i  i  i i.  ;■ .  i  l  i  Mm 

■I    M.MI   UD.MilO    Ii,   IDDIM   II;,  I   I..    ,   I  I  ,    I    H« 

■  ■    '   i.l      "Ml. I. ii   I, '1,1111    Ii.   I   I    I   H* 

'irr,,Of'D'll!DiVliiil  MOOIllllMlluOu  -I  II  Hrf 
iMii.UlllOlJUll  UlllOnilili  )i„l  lllll.lt. J!Hrt 
Dl.l     IIIDDD|.i)iJii,:d.    U.-iiilli'   ll.u.l.l  I  I  1   I  HH 

D  ii.ldih;:.  iDii. id..  )  kid,,,,, i, id. iii  i  i  jmm-ih 

i:,:..„,  ■  '  Ii.  MiMUDinlUuHUUilu  ,  II  1HH-4-H 
Hi.     i,i' HMD. I  ..'■nil  III  Ml.  I.  II  I.i  JHHH-IH 


I,.  1   HI  I...., I.    ill,;    )iin,i,i:|D-,:,.,i,l,, I'Mji 1   |    i,      | 

■d.id 1..J111MM1  mi  inn.  urn  mum, Dm.  null  in  i  I 

„l   I    Ml     111  .I-    lUlMinnnlDDDiDII    MtMlU  tll.l   J  1    M   ' 

,in:  mi  riMDiMiin  minimi  n  mi  Mini mi  iiiiii  innn  l  ! 

u  nili.il.il>   i. in);    mi, mi, ii u  I    nmMll  I  I 


502-672 


(jnunniiiii  u 
uliniiDilui.u 
uuuu3nnrn 

11.11  HODIH  I! 

auooooooo 

672-841 


i  :      i^h: 


'    Hhl    •  WW 
(■HHhHHHHH 


841-70?! 


1011-1180 


i  .,i     li     Mini, i, inn.  •    Ml  ii   i  i.i  ,  l  MiMU'Miilimiii: I  Iimuim  i  l  i  ,  i 

n.  ini.  i  Mm  ui  i, ,..'..  i  l.ii  iii  ,'111111111111    inuiDD  iniituii'i  tiinn  i.i.i 
luniunuiloCMiliMu'mill.iiuoi].....  .  n.  Mimuimouuijili  Muilnuu.nj. ) 

n  nil  uiMl  ni  i.  ii  in)  ii  -i  n  jru.  ........  .1),  in,),),!  n.  iin,,i  in  i  ,  i  i  , 

I  ill  MUD  II  Ml  Ml  II  Mi, I  I. ill   ....  ...........  ton  I II  MUD,  Mill  Ml"    1 


inouoriDiinnCLcrc 

uu  iimduiiju,,  jDor  inn. .  j.«. 

iiiil.lii.ii).,i„ll,lll!liilCbl)G»t  .... 

Mil, M    11,111.   Il.l.lllllll     111 

II   I,   MM     n IllilllJCnO....... 

Mil  tllllC,,  IMM  Mill    111. ....... 

'   iihlill!liiiiiiiill'....l.t.» 


if ...nnncnuou 

.  nliliiiMiiiiniMii 
,  Dii.n .iniiiiinnriii 


|jhHHH^aensp 

-iHHHHHHHHHHHHfi 
HHUHH^HUHflHUmilOOMIIIfl 

HHMHHHHrtHHflHeBBMDBSMHfi 
HHHHHHHHHHHHHUggJJBM  ..;.'- 
HHH  *HH  WHH<H-1MB5JHH<,HHI=H=) 

M ,-,..,  ,^  ~  „,,-,.  m-,-u,.-mm.:.>Mmm.M,.; 


H-l-H-lH}9HHHHHHHHHflHHHHHHHH«flrtlHH«Hn 

m-mm^SHHHHHH-tHHHHHhHMHHfMunnnnn 
I  vs-)-i  <.hh-i  <,hhhh  «Prtwd«««mnnninnnn 
lHHH-i-iHHHHMHH-iHH-,MMMWH««MM«ri,-|,  i,-,rr,nr. 

I  .i-M  -t  M  M  lH.mH.1  i«*iii.»»';  .  ::  .  !'  .  I 
IV|t-IW^tHHlM«IWl,UUUUl  Mti.iM  1  Mill 
I  i  -i  n-iH  I   ihhhmhhhhhmhi'hhh,  if  ,  il     li|m      ni 


■iHHHHHrtH  lunnimnnnnonnnnnnnn 
iwHWiii  in  tnn.i  inniiirMntrnnn 
rjiiDiiniiu  juiinrinnnnnooiiocirnnn 
l.iuuinMu  Miiii!MiinDiinr,,)iiiiiii)iir) 
i  ii  mm  inn  iriiiiKMiinnnnonnononn 
)  ii  mi  n  in  1D  tiinn  loonionnirnon 

)  Mini  in  niinniiiiiinnnnf  (inn 

i  innnnii'iii'irifi.jfMiinDiiiiiinnnnn 


i  iiMunniriniiniiijnnnnDnnnnnnnn 

)   I    'Hi  I   '    MlMDIIMllliin K'HIM 

i  juinrioii  i,)i)DiM,iuni)nu()nrf  nnn 
liiiiiiniinnnnnnfinnriniisflnflornnn 
l  iniinn  tn  intnnu  AnniKflfls*nnnn 
l  inonnnuHHHHttH«HflHfiHrtH.HPflnn 
aaeaaaaaBaaaaaeafteftaBfleefleB 


"luuooDuoocuun*. 

JU30UU3UOOU30.. 

jouonrnuoaujo.. 
:oouug.....j..  . 


innu300uu3C 

...  UI  11)01  Kli  II II  n  II  11)1  111, 

..iiniMil iiliiiiiiiin.il 

iMMMUIIUlMuMUUlin, 


..  ininnnooiC 

•  niinn MimnniM'iim 

•     MiMIMD'MU'l IHHHHH 


t-lHHHi 


I...  ...........  .  !.;i,l    l.lll.l   .llmuilllHHHHHHHHHHHrtHHHHHWHHrt-H 

II. .i     I    l    M    I, MM    Hil|i|hHH«HfHHH*HH*taH^HHH^ 

....  ,., IIJill  Di 11,11   MilDUDHHHHHHHHHHHHHHHHHHMH-l   111) 

'. IMM   Ml     I    til    |  I       1     I!  II 'I ',,H.I»,HHnJ',H««,«,lU   11    11    I 

....  'HiOl.ll K  I  II  Ml,    11   I II II    ;,HHHHHHHHHHHHHHHHrtHrtH  ]|J.)  11 

....  ..1)1  Ml  Ml  Ml  Hill   I II.  1. 1. 1  II  II HHHHHHHHHHHHHHHHHHHHi).  Mil  1  1 

•     Ml Ml     Ml     iV«HBMHHW*HHH*HHHHHHHHilll    ID] 

' !!.,,    ,1.1       ,     1     I      i".      DI  !*!.'.«*',  HHHH,HHH-.HHH  t.M    I    I   1   1    I 

III  M,  I  I.I  111  I  I  Ml  I II 11  IIIMIIHHHHHHHHHHHHHHHHHHHrt  inn)  Ml  I 

.......      Ml,  I  HIM    ',    I      IIIIII MnHHHHHHHHHHHHHHHHHH    1)11    llll'll   1 

......  ..D I     IIMI     MMMHHHHHHHHHHrtHHHHHHHauull'IIM  1.1      II 

I  ......  .,,,,111  Ml   I  n  )l'l  I,  II, I  lMHHHHMHHHHHHHHHrtHHH.il  II  I.  I'll  I   1   M.)   1   I 

.     •.....'..  llll  I  I.  I     l|)l|,|      I     ;t.H.  HMH'.  HHH,  HHHH',  Hi,    I    till  I    I    I    1 1  ,    1    I    I   I    I 

......».., MUM       i    I  h.m.uhhHHHHHHHHHHHiI'MiM.)  11)1111) 

• II  III  1(  111,1  hHHHHHHHHHHHriHHHHIMDUllllillJl)!)")  10  14 

•  '  ......  I-  .Mil  :i  l.i.nm.HHHHHHHHHHHHHHHH    I il  1 1  III  I  )  I   I '  1   1   M   H -I 

• .'.,,,,  1    ,1     I     tUI      lH.,MHH.',HHH,HHH'.HHUnti|II.Mllll    MUD    I    I   trt  H  H  ■■  H  ^  H  '.H  -|  H  <.HHHH  '<»•  '»*»  WHfl  <HH  H  <.  HHH  I 

11 .....HHHHHHHHHHHHU Ml    IIIUUII    M    I    I    MHHHHM-MH-M-IHH  ,,       J»»Sf         HHAHflHSflSHfli 

• Ml   11,1  I    ill HHHHHHHHHHHHHII Ml  II  II  Ml  I   I   1 , 1    I   1    1.  HH  rt  rt -I -1  rt  rt  H-H  HHH,    u...I-.< M       MHHHHHH«fW>« 

••'....,         I         ill, Ml  ^I.BHhHHrt   lllll       MMIDMMIMI -I  Hi  -,  -I  HH  -I  -I  H    I  ,|.|f  I-     HUHHIMDHMinl 

........  Dili      II     I      I      II         I      IHHHHH  MB-    .lilli  Ml  I .1 1  U  1 1  I   I  i  II    1    1    1    I   1    1    I  H  -) -)  -t  H  H  -)  H  H  HH  H  -  . .  *I  »'*».M  h^.'HHHhH  «  (-HMJ 

i, Illill    1 I  11 II  IHHHHH',  HI  ID  II II  Ml  11 1.1.)  till  I,  I  tun  III  t'l  I  )  <HHrt  "*)HH<HHHHH  (.MJSBHH  M3HH<.HHH<.flHHi 

ffffffff  llll, Mil   I. Ill    lll'l    MMHHHHHH.iUIMUlMi '  I'll  I    U' li  11,1  I'D  )    H  Hi  HH    W  IH     I  «  I  I 

■  ...  •  .  .  .     ,,.       I    I,  I  Ml. .11  Ml  Jill  II  il  I   IHHDDIIII    inn    in  I  llll  Ml  HID  M  1  Hill  )  )  1  )  )  I  IHHH-lrtHHHHH»«««»rtHrtHHHaHHRHf>AHe 

'•>»>•>>  uul  IMI  I   MM    I  ,11. IMUui  111!  I   I  H 11,11 II  Ii  II  i,  n  II  1. 1  II  M  I  11  I  I  1  I  1  HH  HHHHHHmHH8(W(»mWflfHlflfl 

..'...  ..'M.  ,11  in    I    II. II  Mi  It    I'll,  in-Ill  mill  I    I  IUIIII  lllll  II   111  III  I'M  I  t  1  )  )  !HHH",HHHH< 


-  Ill  UCi  IMIJjIII  Ml  llll  MDDt  .  .  .  ill  111  I II  lill  II II 11  iriDDIlDCll)  1  ,   .  . 

■  hi   111,1   I'M      ,;    1,1    -  I-  III    111.  ...  .UI  III  I,    lilii'i.  Ill    ,    I   I   ID   I   I   1   ,1  1   I    11    MHH  HHHHHHHHHHHHHII 'II  I  ill  I,  Ii  Ml  PS« 

•  .  I    llll   I  ||,1,  II  Mi.  lllll  til..,'  ..I  ID  till  ID  ti  Ml  1,1- I   11  t   1   I   1   1  I   1    Ml  i-M  '.HHHrt  «WrtHBM   ll  1(111  1(1(1(1  imOd 


I    I    IMI    I.    Ml, Ml    IliulMi    ml,,    lllll'lll 111,1,1,1,    |    JU   I    I    )    |    11     I    I.)   Mi- 
ll" I  DM  II  I  I  lllll  It  I  II  Ml  HllUt     II  III.  I  11 tl  H  1. 1  lilil   ).]   t  '   I   1   11  1  1   30  39  < 

•  '  Hi:  I  III    I  "111  Mi  I I .11  I,  II II  Ml  I Ill  Mill  I  llll  I.i  1  11  1  I- 1   M  I  lHHHHHHrtHHHH«H«Hf 


i.nno3nnnn 
sriiinnrnnn 
HOnnnpnnn 


.  llll  tlllllltllllil  HI    I'll     Hl'l.llll.lll  lllllll  11)11   1  » 

.mil  uii'-u  MiMiMuiiunuiiuiMiiiMu.)  inn  l  .... 

..iiijiiiini uuiiiiiMuiiiM  iiinnuiiiinj.im.... 

..  iiliiuiiihummmuu n  mi  iiiiminnii)  . » . . 

..iiCiiMMDuiiui.'M'iniiiMiiiMD  i.innoiiii..... 

t.D  till  ill  t    Ml,  lUUUlDDIMll  Ml  Mil  |  1   I   1  )  .,>.. 
».  n.,D. Illlll  lllllllll   I  lilDDiMIIIMnil I  Mil.... 


>   ;,  ijiiir ;  i'!  iiiiiniiniiii  iniiD  mi! 

"I       Mini  I  lllijllll.  .  llllMUUuniMll  1 

> .  ii  j  i  in  1 1  ii  iii  3  mi.  ?  .  ni  D3  nnn  3  in )' )3  )u 


i  iiinnn  3HH«<.HfiH3nnn3iinn3. 

1  1  lUUlDllHHHHHHHHIMDIIIIDIin... 
I  )   )IMIinui)HHHHHI"'lllini)l)llfMllll.  .  • 


innii'i   iiii  in  i  iiii)  Ml  ). 

>. lllllllll.  1,1-1 1. Ill  lllll. 

..... iiiiiii), Mini  juu  ]. 
•  .,'H)i)ii)Dii  i  mm  1 1. 

M'DD  10:10111)  KM')"). 


iiinnnDii  I'MiiD.iiiiiiiniiiinnnn. 
i  i  iniiuu  mini  tiinn  ti-Dii  iiinii  ion 

•  1    iWI   Mil    IIIIMIMIIIMIMIMUI 


►  .'.1)11111,1.,'  .....'Illlll  lUlliltlM  III3V1  i  tl  )> 

'  >  >    Mil!"!, HMD imilOililllil  111  1  I   HI  )  I  I  1  I  1. 

.  .     HMD    ,   II  HI, Jll.l, mill  lllll,  II  jilullil  1,11  II  I  1 


i  niiiD.)  tiHin  innn  iiinii  tanu3nnn. 
..lnnnnnnnnnnnnonnon.non 
..  innnu.f  ..unnnniincnn. 
o:nnr)..  nooooo 


Mill l.lllillMDIIII lll.lHHDil.)  1:1  I 

l   )u..-u  lUtnuiMtiiun  t.inu  idhHH".  lllll 

.11,1. .11  DIM    ,11111(1  111 DHHHH  111)1 

.  i  in. iiii  ii  ii  in, i  inn muiiiM  iii  i  inn  Mill 


.,'.. iiino. MD    ,!,:>   ii  ni I  in  1,1  1  I  11  11  i 

,  '  .  .      ill  Ml Jilullillllillil'lilU  in  i  i  )  l  l  )  • 

I  ".lllllllll,  liMlMuiMlMiliimMil  MUD  I  Ml  i 
,  .  .  .  M'.iUuuiiiJ'MDUDDiMDD'Mll  ll-llll'l" 

li  uiiniiiiiinijiiimiiiiuiMuiiuiiouu  i  Ml. 

.,'...  tillllllillllMllll.D  iimuiuu  JU  t'l  1  1  I  I  I 

,......oi)ii...  ..in  ii  inn  1 1  m  ii  im  j ... 

............... ..uuoiiuiKiiiiiniin  i 


MEAN  ELEVATION 


Figure  1.     Mean    elevation    map     of    Indiana    produced     by     the     Synagraphic    Mapping 

Technique. 
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RELATIVE  RELIEF 


Figure  2.     Relative     relief     map     of     Indiana    produced     by     the     Synagraphic     Mapping 

Technique, 
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Results 


The  base  map  used  for  the  final  product  was  the  1:1,000,000  scale 
Index  to  Topographic  Maps  of  Indiana  published  by  the  U.S.  Geo- 
logical Survey  (4).  In  its  original  size,  each  of  the  698  topographic 
quadrangles  appears  as  approximately  0.42  inch  x  0.54  inch.  Each 
is  a  rectangle  of  24  computer  printer  symbols.  Data  point  locations 
for  each  map  are  approximately  centered  in  this  printed  rectangle. 
The  samples  presented  here  are  reduced  approximately  66%  from 
their  original  computer  printing. 

The  map  depicting  the  mean  elevation  data  for  Indiana  was 
divided  into  five  separate  zones  (Fig.  1).  Each  zone  contains  20% 
of  the  absolute  value  range.  Since  data  extremes  are  333  feet  and 
1180  feet,  the  absolute  value  range  is  847  feet.  The  range  of  the 
lowest  classification  is  from  333  to  502  feet.  The  range  of  the  next 
group  is  from  502  to  672  feet.  The  progression  continues  until  the 
darkest  pattern  or  highest  zone  contains  the  top  20%  of  the  absolute 
value  range. 

Relative  relief  in  the  state  is  shown  by  Figure  2.  It  was  con- 
structed using  the  same  five  symbols  to  represent  five  separate  data 
classes.  Here  too,  each  zone  contains  20%  of  the  absolute  value 
range.  The  extremes  for  this  map  are  20  feet  and  624  feet  or  an 
absolute  value  range  of  604  feet.  The  range  of  the  lowest  zone  is 
20  to  141  feet,  the  second  zone,  141  to  262  feet,  and  so  forth  as  shown 
by  the  map  legend.  Since  the  two  lowest  zones  contain  nearly  % 
of  all  data  values  plotted,  there  is  less  than  262  feet  of  relative  relief 
in  75%  of  Indiana. 

Data  point  locations  are  shown  on  the  maps  as  numbers  repre- 
senting the  symbol  classes  into  which  they  fall.  Thus,  on  the  relative 
relief  map,  the  Columbus  quadrangle  which  falls  in  the  range  of 
141  to  262  feet  is  placed  in  the  second  absolute  value  class.  Centered 
in  this  quadrangle  location  on  the  computer  map  is  a  number  "2." 

The  production  time  necessary  to  achieve  the  final  results  was 
approximately  70  man-hours:  33  hours  for  data  collection,  11  hours 
for  tabulation  and  calculation,  and  26  hours  in  transferring  data  to 
computer  cards. 

Discussion 

Although  the  compilation  work  is  laborious,  the  SYMAP  pro- 
gram is  extremely  useful  for  experimenting  with  different  versions 
of  the  same  map  or  different  approaches  to  the  same  problem.  The 
ability  of  the  program  to  manipulate  data  and  produce,  as  a  result, 
radically  different  graphic  portrayals  may  well  be  the  program's 
greatest  asset.  Once  the  initial  map  information  is  available  on 
punched  computer  cards,  a  change  of  a  single  card,  or  at  most,  five 
cards,  will  yield  quite  differently  appearing  maps. 

While  the  maps  illustrated  divide  the  data  into  classes  based 
upon   percent  of  value  range,  a  single  card  change  can  produce  maps 
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which  divide  the  data  into  classes  based  upon  the  number  of  data 
point  locations.  Another  simple  change  in  cards  can  establish  any  desired 
numerical  value  zones.  Thus,  the  relative  relief  map  (Fig.  2)  with 
extremes  of  20  and  624  feet,  can  be  made  with  these  or  any  other 
desired  zones:   0-100,  100-200,  200-300,  300-400,  400  and  above. 

While  our  examples  placed  20%  of  the  data  in  each  of  the 
5  zones,  any  percentage  may  be  placed  in  any  of  up  to  10  zones. 
Further,  if  it  is  desired,  high  values,  or  low  values,  or  any  part  of 
the  values  may  be  eliminated  from  the  map  produced.  Again,  any 
of  these  changes  can  be  affected  by  quick  and  simple  card  changes. 
Experimentation  possibilities  using  the  same  data  appear  almost  end- 
less. 

This  graphic  technique  is  far  more  accurate  than  conventional 
means.  Detail  is  essential  in  most  maps,  and  SYMAP  offers  this 
accuracy  of  detail.  For  example,  Figure  2  depicts  quite  accurately 
the  "Knobs"  area  around  New  Albany,  the  Brownstown  Hills,  and 
the  morainal  area  of  northern  Indiana. 

Data  of  many  types  may  be  used  in  synagraphic  mapping.  Al- 
though mean  elevation  and  relative  relief  were  chosen  here  to  com- 
municate the  usefulness  of  SYMAP,  other  quantitative  data,  such 
as  population  density  or  distribution,  works  equally  well  with  the 
program. 

Synagraphic  mapping  is  a  relatively  new  approach  in  graphically 
portraying  old  problems.  The  technique  offers  the  user  unusual  com- 
puter printer  patterns.  It  also  allows  the  user  to  manipulate  the 
data  and  observe  the  results  in  a  short  period  of  time. 
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The  Distribution  of  Mobile  Home  Park  Development 
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Abstract 

There    is    a     need    for    proper    low    cost    housing     in  Vigo    County,     Indiana.      The 

number    of     mobile    home    parks     and    mobile    homes    are  increasing     rapidly,     and    they 

may    help    to    meet    this    need    locally.     This    paper    locates  mobile    home    parks    and    sug- 
gests observed  trends  in  the  Terre  Haute  area. 

Introduction 

The  need  for  improved  housing  for  a  large  number  of  Americans 
has  been  recognized  both  nationally  (4)  and  locally  (1).  The  desire 
for  improved  housing  at  a  lower  cost  has  been  emphasized  by  the 
agencies  which  construct  low-income  housing  and  noted  by  the  find- 
ings published  by  the  Bureau  of  Census  and  other  publications.  Mobile 
home  parks  (MHP)  may  be  able  to  satisfy  an  increasing  percentage 
of  lower  cost  housing.  Different  aspects  of  mobile  home  housing- 
have  been  considered,  and  each  author  has  implied  that  there  is 
a  lack  of  information  available  in  the  field  (2,  3).  This  paper  ex- 
amines the  location  of  mobile  home  parks  in  Vigo  County  as  they 
have  developed  over  a  30-year  period  and  suggests  MHP  locational 
trends. 

Growth  of  Mobile  Home  Parks  in  Vigo  County 

The  number  of  mobile  homes  in  Vigo  County  is  rapidly  increasing. 
In  1940  there  were  135  trailers;  in  1950  there  were  155  mobile  homes; 
in  1960  there  were  448;  in  1970  the  expected  number  is  1,110  and 
for  1975  it  is  expected  to  be  2,135.  Mobile  homes  in  the  county  in- 
creased 716%  from  1950  to  1970,  which  was  relatively  greater  than 
the  increase  in  all  housing  units  in  the  same  period  (1,  5).  Mobile 
homes  as  a  percentage  of  total  housing  units  increased  from  about 
0.5%  in  1950  to  2.8%  in  1970.  Mobile  homes  are  expected  to  provide 
housing  for  1  family  in  20  by  1975. 

Factors  in  MHP  Location  and  Distribution  in  Vigo  County 

The  location  of  mobile  home  parks  is  dynamic.  Mobile  home 
parks  have  expanded  from  the  center  of  Terre  Haute  (the  county 
courthouse)  in  each  census  since  1950  (Fig.  1).  In  1950  there  were 
5  parks  within  the  city  limits  and  1  about  4  miles  east  of  Terre  Haute. 
The  average  distance  between  MHPs  and  the  city  center  was  2.5 
miles.  The  State  Legislature  in  1955  authorized  the  State  Board 
of  Health  of  Indiana  to  enforce  Health  Sanitary  Engineering  Code  21, 
concerning  mobile  homes.  This  regulation  required  no  dead  end  streets, 
an    automobile    parking    space    for    each    mobile    home;    and    minimum 
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distances  between  sewers,  water  supply,  and  property  lines.  Spacious 
areas  were  available  for  mobile  home  parks  beyond  the  congested 
area,  and  the  new  parks  were  developed  at  the  outskirts  of  the  city. 


TERRE  HA  UTE  CITY  LIMITS 
HIGHWAYS 
YEARS  OFMHP ESTABLISHMENT 
DURING  OR  BEFORE  1950    - 

BETWEEN  1951  AND  1960 

BETWEEN  1961  AND  1970    - 
VACATED  BY  1970 


Figure  1.     Mobile  home  park  locations  in  Vigo  County. 


By  1960,  in  response  to  the  above  restrictions,  the  average  dis- 
tance between  the  MHPs  and  the  city  center  had  increased  to  2.8 
miles.  At  that  date  11  of  the  12  parks  were  located  within  %  mile 
of  a  highway,   and   6  were   outside   the   city   limits.    In   1967   the   Terre 


364  Indiana  Academy  of  Science 

Haute  City  Council  approved  the  zoning  ordinance  which  prohibited 
additional  mobile  homes  or  parks  within  the  city.  Also,  MHP  de- 
velopers were  influenced  to  establish  parks  outside  the  city  limits 
because  of  reduced  development  costs. 

In  1970  the  52  MPHs  had  an  average  distance  from  the  city 
center  of  5  miles.  Forty-five  of  the  parks  were  located  outside  the 
city.  Thirty-nine  of  the  parks  were  located  within  V2  mile  of  a 
highway,  but  only  6  of  them  were  located  directly  on  a  highway. 
Locations  farther  away  from  the  city  also  reflect  improved  transporta- 
tion, zoning  laws,  crowding,  high  cost  of  land,  lack  of  proper  space  in 
the  built-up  area,  and  desirability  of  suburban  living. 

These  trends  have  been  observed  in  Vigo  County:  1)  an  increase 
in  the  size  and  number  of  mobile  home  parks;  2)  an  increase  in  the 
distance  between  the  city  center  and  the  MHPs;  3)  an  increase  in 
the  percentage  of  MHPs  not  located  on  a  highway.  These  trends 
have  developed  over  the  past  30  years  and  are  expected  to  continue. 
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ABSTRACTS 
Biochemical    Response    in    the    Compatible    Potato    Tuber    Phytophthora 
Infestans    Interaction.     S.    Subramanian,    J.    L.    Varks    and    J.    KuC, 
Department    of    Biochemistry,    Purdue    University,    Lafayette,    Indiana 

47907. A    consistent    tuber    response    to    infection    by    Phytophthora 

infestans  was  demonstrated  with  eleven  potato  cultivars  and  three 
fungal  races.  The  response  in  resistant  tuber  tissue  included  the 
accumulation  of  rishitin  (a  norsequiterpenol  CmHbOs)  and  phytuberin 
(a  sesquiterpenoid  acetate  Ci-EUO.,)  before  or  after  the  hypersensitive 
collapse  of  host  cells.  Their  structure  suggests  the  activation  of  the 
acetate-mevalonate  pathway  during  the  hypersensitive  response  of  the 
potato.  The  biochemical  response  in  the  susceptible  interactions  of 
six  potato  cultivars  and  four  races  of  P.  infestans  indicated  accumu- 
lation of  an  unknown  compound  with  increasing  time  after  inoculation. 
The  compound  appeared  blue  on  plates  coated  with  Silica  gel  G  after 
spraying  with  vanillin-sulfuric  acid  reagent  and  heating  at  120  degrees 
Centigrade  for  3  minutes,  and  has  an  Rf  of  0.39  when  plates  are 
developed  with  hexane:acetone  (95:5  volume/volume)  followed  by  cyclo- 
hexane:ethyl  acetate  (4:1  volume /volume).  The  unknown  compound 
appeared  to  accumulate  in  the  compatible  interaction  as  a  result  of 
a  block  in  the  pathway(s)  leading  to  hypersensitive  cell  collapse  and/or 
rishitin  and  phytuberin  biosynthesis.  Examination  of  the  compound  by 
gas-liquid  and  thin  layer  chromatography  suggested  the  compound 
is  not  stable  in  neutral  solvents  at  room  temperature.  The  possible 
significance  of  the  compound  in  the  host-pathogen  interaction  was 
discussed. 

Effect  of  Inoculation  with  Phytophthora  Infestans  on  the  Activities 
of  Enzymes  Associated  with  Phenolic  and  Terpenoid  Biosynthesis  in  the 
Potato  Tuber.  M.  Shih  and  J.  Kuc',  Department  of  Biochemistry,  Pur- 
due   University,    Lafayette,    Indiana   47907. Chlorogenic    acid,    caffeic 

acid,  a-solanine,  a-chaconine,  rishitin  and  phytuberin  accumulated  in 
potato  tubers  after  injury  or  inoculation  with  Phytophthora  infestans. 
The  most  rapid  accumulation  of  chlorogenic  and  caffeic  acid,  rishitin 
and  phytuberin  occurred  in  the  resistant  tuber-pathogen  interaction, 
whereas  cutting  induced  the  most  rapid  accumulation  of  a-solanine 
and  a-chaconine.  Accumulation  of  phenolics  and  terpenoids  was  sup- 
pressed in  the  susceptible  interaction.  Activities  of  key  enzymes  in 
phenolic  and  terpenoid  biosynthesis  were  determined  at  intervals  after 
injury  and  inoculation  with  compatible  and  incompatible  races  of  the 
fungus  to  establish  the  cause  for  the  differences  in  accumulation. 
Phenylalanine  ammonia-lyase,  shikimate  oxidoreductase  and  peroxidase 
increased  after  cutting  or  infection.  The  activities  of  glucose  and  6P 
gluconate    dehydrogenases    remained    unchanged    for     72    hours    after 

367 


368  Indiana  Academy  of  Science 

injury  or  infection.  Peroxidase  and  phenylalanine  ammonia-lyase  activi- 
ties increased  more  markedly  in  the  resistant  interaction  than  the 
susceptible  interaction  or  after  cutting,  but  this  difference  appeared 
too  late  to  account  for  resistance.  A  method  for  measuring  /3-hydroxy- 
/3-methylglutaryl  CoA  synthetase  and  reductase  was  developed. 

Regulation  of  Rishitin  and  Phytuberin  Accumulation  in  Potato  Tubers 
by  Pathogens  and  Non-Pathogens.  W.  W.  Currier,  J.  L.  Varns  and 
J.  Kuc',  Department  of  Biochemistry,  Purdue  University,  Lafayette, 
Indiana  47907. — — Two  terpenoid  compounds,  rishitin  and  phytuberin, 
accumulated  in  potato  tubers  of  eleven  cultivars  in  response  to  inocula- 
tion with  an  incompatible  race  (resistant  interaction)  of  the  pathogen 
Phytophthora  infestans.  The  two  terpenoids  also  accumulated  in  the 
resistant  reaction  induced  by  the  non-pathogens  of  potato  Helmintho- 
sporium  carbonum,  Ceratocystis  fimbriata  or  Cladosporium  cucumeri- 
num.  Inoculation  with  a  compatible  race  of  P.  infestans  (susceptible 
interaction)  suppressed  rishitin  and  phytuberin  accumulation  induced 
by  subsequent  inoculation  with  an  incompatible  race  of  P.  infestans 
or  the  non-pathogens  H.  carbonum  or  C.  cucumerinum.  Suppression 
of  a  normal  resistance  response  is  suggested  as  an  active  mechanism 
for  susceptibility. 

The  Adsorption  of  Bacteriophage  T2  on  Magnetic  Iron  Oxide.  John 
Swez    and    Henry    Chung-hoa    Yu,    Department    of    Physics,    Indiana 

State    University,    Terre    Haute,    Indiana    47809. It    previously    was 

shown  that  bacteriophage  Tl  and  T2  adsorb  to  magnetic  iron  oxide 
in  either  H  medium  or  nutrient  broth.  Aliquots  of  phage  lysate  were 
mixed  with  aqueous  suspensions  of  M09853  magnetic  iron  oxide  and 
shaken  for  a  short  interval.  The  iron  oxide  was  precipitated  with 
a  strong  magnet  and  the  supernatant  assayed  for  plaque-forming-units. 
Data  recently  obtained  indicate  that  the  fraction  of  bacteriophage  T2 
adsorbed  in  lysates  prepared  from  minimal  salts  medium  depends 
strongly  on  the  temperature.  Maximum  adsorption  occurs  at  0  degrees 
Centigrade  and  becomes  unstable  at  room  temperature.  The  percentage 
of  maximum  adsorption  is  90-95  per  cent  at  a  concentration  of  25 
milligrams  per  milliliter  of  iron  oxide. 


Thermal  Synthesis  of  Amino  Acids  Under  Assumed 
Prebiotic  Conditions 

Victor  Marshall i  and  Alice  Bennett 

Department  of  Biology 

Ball  State  University,  Muncie,  Indiana  47300 

Abstract 

A  mixture  of  methane,  ammonia,  hydrogen  sulfide  and  water  vapor  passed 
through  a  reaction  tube  heated  to  950°  Centigrade  produced  alanine,  phenylalanine,  and 
four  atypical  ninhydrin-positive  compounds.  A  comparison  of  the  relative  percentages  of 
alanine  and  phenylalanine  produced  in  these  experiments  with  those  produced  in 
the  absence  of  hydrogen  sulfide  indicates  that  the  addition  of  hydrogen  sulfide  to  a 
methane,  ammonia  and  water  vapor  mixture  significantly  alters  the  composition  of 
the  amino  acids  produced. 

Introduction 

Many  biologically  important  compounds,  including  amino  acids 
(4),  the  nitrogen  bases  of  nucleic  acid  (11),  monosaccharides  (2), 
porphyrins  (7),  fatty  acids  (13),  and  adenosine  triphosphate  (9)  have 
been  synthesized  under  assumed  prebiotic  conditions.  Amino  acids, 
both  naturally-occurring  and  atypical,  have  been  synthesized  using  a 
wide  variety  of  energy  sources;  these  include  alpha,  beta,  and  gamma 
radiations,  ultraviolet  light,  x-rays,  electric  discharge,  and  thermal 
energy  (5). 

The  thermal  method  of  Harada  and  Fox  (4)  was  adapted  for  this 
research,  because  it  produced  larger  percentages  of  the  naturally- 
occurring  amino  acids  than  other  methods.  Thermal  energy,  in  com- 
bination with  hydrogen  sulfide  gas,  methane,  ammonia,  and  water 
vapor  has  not  been  used  in  the  synthesis  of  amino  acids,  although 
the  addition  of  hydrogen  sulfide  to  the  mixture  would  be  consistent 
with  the  hypothesized  composition  of  the  prebiotic  atmosphere  since 
it  is  included  in  volcanic  gases  (10).  Further,  Friedman  and  Miller 
(1)  suggested  that  hydrogen  sulfide  was  necessary  for  the  formation 
of  phenylalanine  under  primitive  earth  conditions. 

In  the  present  experiment  the  substances  produced  by  heating 
hydrogen  sulfide,  methane,  ammonia  and  water  vapor  were  recovered 
and  analyzed. 

Experimental  Procedure 

The  apparatus  for  this  experiment  was  designed  to  provide  for  a 
flow  of  the  reaction  gases  through  a  reaction  tube  heated  to  950 °C 
and  to  collect  the  reacted  gases  in  an  ammoniacal  solution.  A  vacuum 
pump  was  used  to  facilitate  the  flow  of  gases  through  the  system. 
Controls    were    established    by    passing    gases    through    the    system    at 

1  Present  Address:  Department  of  Biology,  Jackson  Community  College,  Jackson, 
Michigan  49201. 
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room  temperature  with  all  conditions  and  reagents  identical  to  those 
used  during  the  experimental  run.  Aseptic  conditions  were  used 
throughout  the  experiment.  Before  each  experiment  the  system  was 
flushed  with  nitrogen  gas  for  24  hours  to  remove  any  traces  of  oxygen. 
Two  consecutive  experimental  runs  which  produced  ninhydrin-positive 
compounds  were  performed.  In  the  first  run  the  gas  mixture  was  heated 
for  7  hours,  the  second  for  1  hour. 

Table  1.     Natural  gas  composition.1 

Component  Percent  by  Volume 

CO2  0.89 

Na  0.42 

CH4  93.81 

C2He  3.63 

CaHs  0.86 


-CUH10 


0.18 


N-CiHio 

CsH^  0.08 

Ce+  0.13 

Mercaptal   Odorants  0.00006 

1  Gas     analysis     supplied     by     Mr.     Richard    Martzall     of     the     Central     Indiana     Gas 
Company  of  Muncie,  Indiana. 

Natural  gas,  which  had  a  composition  (Table  1)  similar  to  that 
thought  to  have  been  on  the  primitive  earth  (8),  was  used  as  a  source 
of  methane.  Ammonia  and  water  vapor  were  added  to  the  system 
by  bubbling  the  gas  through  6.5n  NELOH  and  H2S  was  generated  by 
dripping  8n  H2SO4  on  FeS04  chips  (Fig.  1).  The  gas  entered  the 
system  through  a  gas  outlet,  passed  through  a  glass  wool  filter,  passed 
through  a  trap  (an  empty  flask),  bubbled  through  a  potassium  per- 
manganate solution,  passed  through  a  trap,  and  bubbled  through  6.5n 
ammonium  hydroxide.  The  emerging  methane,  ammonia  and  water 
vapor  were  mixed  with  hydrogen  sulfide  emerging  from  a  hydrogen 
sulfide  generator  in  a  mixing  flask.  The  resulting  mixture  was  passed 
directly  to  the  bottom  of  the  reaction  tube  (Fig.  2)  and  flowed  up- 
ward through  the  heated  Vycor  glass  chips.  The  temperature  of  the 
chips  was  constantly  monitored  with  the  enclosed  thermocouple  which 
was  inserted  into  the  middle  of  the  glass  chips.  After  flowing  past 
the  heated  chips,  the  reacted  gases  passed  out  through  an  exit  tubing 
of  Vycor  glass  that  extended  into  the  reaction  tube  slightly  above 
the  level  of  the  glass  chips.  The  reacted  gases  passed  through  another 
trap  and  bubbled  into  a  collecting  fluid  of  3n  ammonium  hydroxide. 
The  polar  constituents  of  the  reacted  gases  were  absorbed  in  the 
ammoniacal  solution.  Some  brownish  vapors  which  were  not  absorbed 
in  the  ammoniacal  solutions  passed  through  another  trap  and  were 
collected  in  hexane.   These  fluids  were  saved  for  analysis. 

The  NH4OH  collecting  fluid  was  sealed  under  nitrogen  gas,  agi- 
tated   at    75 °C    for    42    hours,    and    lyophilized.     The    resulting    solids 
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were   influxed   in   4n    HC1   at   110°C  for   9   hours,   lyophilized,   dissolved 
in  10%  propanol  and  refrigerated  until  analysis. 
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Figure  1.     Diagrammatic     representation     of     the     flow 
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Figure  2.     Diagram,     of     reaction     tube,      a)      Location     of     thermocouple;     b)      Coarsely 

crushed    Vycor    glass;    c)     Portion    heated    by    heating    element;    d)     Portion    filled    with 

Fibcrfrax    insulation;    e)    Inlet    tubing;    f)     Thermocouple    tubing;    g)    Outlet    tubing.    All 

glass  components  were  made  of  Vycor  brand  glassware. 


The  ammonium  hydroxide  soluble  products  were  separated  on  Silica 
Gel  G  thin  layer  plates  with  phenol:  water  (75:25;  w/v)  as  the 
developing  solvent  and  on  cellulose  plates  with  n-butanol:  acetic  acid: 
water  (80:20:20;  v/v/v).  The  developed  plates  were  air-dried  and 
sprayed  with  a  solution  of  ninhydrin:n-butanol:acetic  acid  (0.3:100:3; 
w/v/v)  (12).  Color  was  produced  by  heating  the  plates  in  an  oven 
at  60 °C  for  30  minutes.  Unknown  compounds  were  identified  by  com- 
paring their  Rt  values  with  those  of  known  amino  acids.  The  size  and 
intensity  of  spots  produced  by  the  ninhydrin-positive  compounds  were 
used  to  estimate  the  amino  acid  composition  of  the  products. 
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The  hexane  soluble  fraction  was  analyzed  spectrophotometrically  for 
groups  absorbing  the  U.V.  region.  (Coleman  double  beam  spectrometer, 
Model  124.) 

Results  and  Discussion 

Thin  layer  chromatographic  analysis  of  the  products  revealed 
ninhydrin-positive  compounds  whose  Rf  values  were  comparable  to 
alanine  and  phenylalanine  (Table  2). 


Table  2.     Rf  values  of  amino  acids  separated  by  thin  layer  chromatography. 


Amino  Acid 

Sorbent 

Unknown1 

Standard1 

First  Run 

Alanine 

Cellulose 

.326 

.329 

Silica  Gel 

.266 

.265 

Phenylalanine 

Cellulose 

.684 

.686 

Silica    Gel 

.543 

.550 

Second  Run 

Alanine 

Cellulose 

.283 

.286 

Silica    Gel 

.271 

.260 

Phenylalanine 

Cellulose 

.673 

.670 

Silica  Gel 

.520 

.521 

XI 

Silica    Gel 

0.33 

X2 

.066 

X:i 

.128 

X4 

.292 

Glycine 

.218 

Serine 

.184 

Each  value  represents  an  average  of  3  to  5  experiments. 


The  substance  identified  as  phenylalanine  accounted  for  about 
15%  of  the  products  and  alanine,  30%.  Six  other  ninhydrin-positive 
compounds  were  produced,  but  their  Rf  values  did  not  correspond  to 
any  of  the  20  natural  amino  acid  standards.  Quantitative  tests  for 
the  free  sulfhydryl,  disulfide,  and  thiocyanate  groups  were  negative. 
No  ninhydrin-positive  compounds  were  found  in  either  of  the  control 
experiments. 

The  hexane  soluble  fraction  absorbed  light  in  the  250  to  270  nux 
range,  suggesting  that  some  of  the  products  were  aromatic. 

The  presence  of  hydrogen  sulfide  gas  on  the  primitive  earth  may 
have  had  a  significant  effect  on  the  prebiotic  production  of  amino 
acids.  Harada  and  Fox  (4)  found  that  when  water,  methane  and 
ammonia  were  heated  to  950  °C  that  glycine  represented  60.3%  of 
the  amino  acids  produced,  alanine,  18%  and  phenylalanine,  0.8r/^ .  In 
our  experiments  glycine  was  not  identified,  alanine  accounted  for 
30%  of  the  amino  acids  produced,  and  phenylalanine,  15%. 

Harada  and  Fox  (5)  suggested  that  the  addition  of  sulfur-con- 
taining compounds  to  this  type  of  reaction  mixture  would  enhance 
the    production    of    hydrogen    cyanide.     Hydrogen    cyanide    is    involved 
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in  the  Strecker  synthesis  which  has  been  suggested  as  the  synthetic- 
mechanism  for  amino  acids  in  experiments  that  duplicate  prebiotic 
conditions  (3,  8).  Hydrogen  cyanide  and  aldehydes  are  thought  to  be 
produced  in  the  reaction  tube.  The  subsequent  heating  of  these  com- 
pounds results  in  the  formation  of  hydroxynitriles,  which  in  turn  react 
to  form  aminonitrites  in  the  presence  of  ammonia.  Upon  hydrolysis, 
the  aminonitrites  form  the  corresponding  amino  acids. 

The  results  of  this  work  also  support  the  view  of  Friedman  and 
Miller  (1)  that  the  presence  of  hydrogen  sulfide  in  the  primitive  oceans 
was  necessary  for  the  production  of  phenylalanine. 
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Abstract 

Previous  studies  have  shown  that  DNA  banded  in  cesium  chloride-polyacrylamide 
gels  can  be  detected  by  staining  with  methyl  green  or  pyronin  B.  The  time-consuming 
step  of  destaining  can  be  eliminated  by  introducing  a  trypanocidal  drug,  ethidium 
bromide,  into  the  DNA-containing  solution.  This  drug  binds  to  the  DNA  and  is 
visualized  with  ultraviolet  light.  An  ultraviolet  filter  permits  photographing  of  the 
DNA-ethidium  bromide  complexes. 

Introduction 

Previous  reports  from  this  (1)  and  other  laboratories  (5,  6,  7) 
detail  the  technique  of  immobilization  of  proteins  after  centrifugation 
in  a  sucrose  density  gradient.  The  immobilization  process  involves 
the  photopolymerization  of  acrylamide  and  N,  N'-methylene-&/sacryla- 
mide  according  to  the  procedure  for  generating  a  large  pore  gel  as 
used  in  disc  electrophoresis  (4).  Such  a  photopolymerizable,  large 
pore  gel  is  slightly  opaque.  The  development  of  a  clear,  photopolymeriza- 
ble gel  that  is  compatible  with  high  concentrations  of  cesium  chloride 
and  can  be  used  in  staining  nucleic  acids  has  been  reported  by  Cole 
and  Middendorf  (2).  Immobilization,  staining  and  destaining  of  E. 
coli  DNA  in  centrifuged  solutions  of  cesium  chloride  and  acrylamide- 
6/sacrylamide  have  been  reported  by  us  (3). 

Methods  and  Materials 

Preparation  of  Cesium  Chloride-polymerizable  Solutions,  Centrifugation 
and  Polymerization 

Cesium  chloride  (SC11352)  was  purchased  from  the  Sargent-Welch 
Company  or  Henley  and  Co.  (New  York,  N.  Y.).  The  appropriate 
amount  of  cesium  chloride  was  dissolved  in  distilled  water  to  give  a 
solution  of  desired  density.  For  example,  water  was  added  to  14.5 
g  of  cesium  chloride  until  12.3  ml  of  solution  was  produced.  Ethidium 
bromide  was  added  to  a  final  concentration  of  60  /xg/ml.  The  cesium 
chloride  solution  was  then  added  to  1.71  ml  of  solution  B  and  2.50 
ml  of  solution  C.  Solution  B  consisted  of  11.4  g  of  "tris  buffer" 
(tri(hydroxymethyl)aminomethane  (free  base)),  1.2  ml  N,N,N',N'-tetra- 
methylethylene-diamine  (TEMED,  practical  grade,  Matheson  Coleman 
and  Bell  8563)  and  33  ml  of  distilled  water.  The  pH  was  adjusted 
to  6.9  with  85%  phosphoric  acid.  Solution  C  is  24  g  of  acrylamide; 
0.735  g  N,  N'-methylene-6?sacrylamide  (Bis,  Eastman  8383)  and  dis- 
tilled water  to  give  a  final  volume  of  50  ml.  Addition  of  12.33  ml 
of  cesium  chloride  and  ethidium  bromide  to  the  indicated  volumes  of 
solutions   B    and    C    gave    16.5    ml    of   cesium    chloride-ethidium    bromide 
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polymerizable  (CEBP)  solution  with  a  density  of  about  1.7  g/ml  at 
room  temperature.  The  CEBP  solution  is  stable  and  may  be  stored 
at  room  temperature. 

For  centrifugation  5  ml  of  CEBP  solution  was  pipetted  into  5  x  1.5 
cm  cellulose  nitrate  tubes.  The  nucleic  acid  samples  may  be  mixed 
with  the  CEBP  solution.  A  small  (about  0.2  mg)  amount  of  riboflavin 
was  added  at  the  same  time.  The  tubes  and  buckets  were  weighed 
together  and  adjusted  to  within  0.1  g  of  each  other.  A  50SW  swing- 
ing bucket  rotor  was  used  in  a  Spinco  Model  L  preparative  ultracentri- 
fuge  in  these  studies. 

When  the  run  was  completed,  the  tubes  were  removed  from  the 
buckets  and  overlayered  with  about  2  mm  of  water  with  a  fine  capillary 
pipette.  The  tubes  were  photopolymerized  in  10  to  20  minutes  before 
a  14  watt  fluorescent  lamp. 

DNA  Samples 

Escherichia  coli,  Clostridium  perfringes  and  Micrococcus  lysodeikti- 
cus  DNAs  were  purchased  from  the  Sigma  Chemical  Company,  St.  Louis, 
Missouri.  The  DNA  samples  were  dissolved  in  dilute  saline  citrate 
(0.015  M  sodium  chloride  and  0.0015  M  sodium  citrate)  at  a  concen- 
tration of  1  mg/ml.  The  desired  volume  of  DNA  was  mixed  into  the 
CEBP  solution. 

Visualization 

The  ethidium  bromide  is  concentrated  by  the  banded  DNA.  It  can 
be  seen  as  a  faint  red  line  under  white  light.  Ultraviolet  light  (UVL-21 
Lamp,  Longwave  320-380  nm,  Ultraviolet  Products,  San  Gabriel,  Cali- 
fornia) produced  a  bright  fluorescence  of  the  banded  DNA-ethidium 
bromide  complex.  The  direct  long  wave  length  UV  light  may  be  re- 
moved by  a  contrast  filter  (Ultraviolet  Products).  The  light  transmitted 
can  be  photographed  with  Kodak  Ektachrome  B  film. 

Results 

DNAs  from  different  bacteria,  Escherichia  coli,  Micrococcus  ly- 
osdeikticus,  and  Clostridium  perfringes  have  been  banded  in  the  pres- 
ence of  ethidium  bromide  in  cesium  chloride-polymerizable  solution. 
These  DNAs  of  different  densities  can  be  located  in  ultraviolet  light 
and  the  regions  containing  the  DNA  can  be  cut  out  without  the  use 
of  any  staining-destaining  routine. 

Discussion 

The  isolation  of  DNA  from  biological  material  is  often  a  critical 
part  of  an  investigation.  Since  cells  often  contain  heterogeneous 
DNAs  (nuclear  and  satellite)  or  DNAs  in  different  physical  states 
(circles  and  linear  strands  of  different  densities),  a  routine  method 
of  isolation  is  useful.  This  method  may  aid  in  detecting  various 
conformations  and  kinds  of  DNA.  The  concentration  of  ethidium 
bromide   is   critical.     With    the    DNA's    studied   in   this   investigation,   a 
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concentration  of  60  /ig/ml  has  been  found  useful.  Above  100 
Mg/ml  the  unbound  ethidium  bromide  gives  an  interfering  background. 
Below  50  /xg/ml,  the  detection  of  the  ethidium  bromide  fluorescence 
is  difficult.  The  kinetics  of  binding  of  DNA  and  ethidium  bromide 
in  CEBP  solution  have  not  been  investigated  as  well  as  the  usefulness 
of  this  technique  to  determine  molecular  weight. 
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ABSTRACTS 

Low  Cost  Bridgmen  Furnace  for  Growing  Crystals — A  Laboratory  Ex- 
periment. C.  C.  Sartain,  Department  of  Physics,  Indiana  State  Uni- 
versity, Terre  Haute,  Indiana  47809. In  the  Bridgman  technique  for 

growing  single  crystals,  a  sample  is  slowly  lowered  through  a  vertical 
tube  furnace  so  that  the  sample  melts,  then  solidifies  from  one 
(tapered)  end  of  a  cylindrical  sample  holder.  This  is  a  good  experiment 
for  a  materials  or  solid  state  laboratory. 

A  very  simple,  low-cost  apparatus  of  this  type  has  been  built 
from  equipment  obtained  from  the  Indiana  Surplus  Warehouse.  It 
consists  of  an  electric  tube-furnace,  a  fused  quartz  liner,  a  Variac, 
a  temperature  indicator,  a  sample  holder  and  a  three-dollar  electric 
clock  for  lowering  the  sample. 

Changing  Face  of  Radio  Astronomy.  Newton  G.  Sprague,  Department 
of  Physics,  Ball  State  University,  Muncie,  Indiana  47306. — — The  area 
of  science  known  as  Radio  Astronomy  is  not  yet  40  years  old.  Many 
of  the  original  researchers  are  still  active.  Most  of  the  telescope 
systems  have  been  revised  and  expanded;  in  America — a  30-foot  dish, 
to  many  85  foot  dishes,  to  the  "Mars  210";  in  England — the  Mark  I, 
II,  and  III  with  extended  baseline  studies  with  Green  Bank  and 
Arecibo;  an  enormous  diversity  of  structure — in  Australia  the  Mill 
Cross  and  Christiansen  Cross,  at  Cambridge  the  Mullard  mile  long 
scanner,  at  Vermilion  River  a  400-foot  parabolic  cylinder,  and  at 
Arecibo  a  1000-foot  fixed  dish  with  moveable  feed.  Wavelengths  now 
studied  range  from  1  centimeter  to  15  meters. 

Sunspot  "K"  Number  Determination.  Allan  Wood  and  Newton  G. 
Sprague,  Department  of  Physics,  Ball  State  University,  Muncie,  Indiana 
47306. — — The  Sun's  activity  can  be  represented  by  the  relative  sunspot 
number  defined  as  R  =  k(10g  +  f)  where  f  is  the  number  of  indi- 
vidual sunspots,  g  the  number  of  spot  groups,  and  k  a  number  chosen 
to  make  the  result  agree  with  that  of  other  observers,  since  observa- 
tions differ  due  to  altitude,  size  of  telescope,  etc.  Using  a  102  millimeter 
and  a  60  millimeter  refractor  observations  were  made  by  tracing  a 
projected  image  and  by  direct  photography,  respectively.  Results 
were  compared  with  the  data  published  by  the  Swiss  Federal  Ob- 
servatory and  tentative  "k"  numbers  were  established:  1.2  for  the 
102  millimeter  refractor  and  2.0  for  the  60  millimeter  refractor  coupled 
with    a    35    millimeter    camera    body.     To    obtain    better    correlation    of 
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data  the  formula  R  —  (lOg  +  f)  +  k  is  proposed  for  the  relative 
sunspot  number. 

Physics  and  Research  at  Twelve  Midwestern  Universities  of  Intermedi- 
ate Size.  Edwin  C.  Craig,  Department  of  Physics,  Ball  State  Uni- 
versity,   Muncie,    Indiana    47306. Ball    State    University   granted   the 

author  a  leave  of  absence  during  the  spring  quarter  1970  to  visit 
12  emerging  universities  located  in  Illinois,  Indiana,  Kentucky,  Ohio 
and  Tennessee.  The  research  activities  of  each  department  of  physics 
were  investigated.  The  individual  research  laboratories  were  visited 
and  photographed  and  the  current  use  of  the  equipment  for  research 
was  discussed,  in  most  cases,  with  an  individual  engaged  in  that 
research.  Other  items,  such  as  teaching  load  and  the  number  of 
graduate  assistants,  that  affect  research  activities  were  also  investi- 
gated and  reported. 

The  Time-of-FHght  Method— A  Modern  Physics  Lab.  T.  Alvager,  J. 
Stephens  and  E.  White,  Department  of  Physics,  Indiana  State  Uni- 
versity,   Terre    Haute,    Indiana    47809. The    time-of-flight   method   to 

determine  velocities  of  particles  is  of  great  importance  in  various 
areas  of  physics,  from  high  energy  physics  to  mass  spectroscopy.  In 
a  Modern  Physics  Laboratory  Course  at  Indiana  State  University 
this  method  was  demonstrated  in  a  laboratory  experiment  to  measure 
the  velocity  of  light.  A  light  source  produces  short  light  pulses  (pulse 
width  about  4  nanoseconds).  Each  pulse  is  split  by  an  optical  system 
into  two  pulses  that  travel  different  path  lengths  before  being  de- 
tected by  photomultipliers.  The  difference  in  arrival  time  is  regis- 
tered by  use  of  a  conventional  time-to-pulse  height  analyzing  system. 


NOTE 

Calibration  of  Modulation  Amplitudes  using  their  Effects  on  Lineshapes 
of  Resonance  Absorption.  John  F.  Houlihan,  Department  of  Physics, 
Pennsylvania  State  University,  Sharon,  Pennsylvania  16146,  and  L.  N. 
Mulay,  Materials  Research  Laboratory,  Pennsylvania  State  University, 
University  Park,  Pennsylvania  16802. The  principles  and  experi- 
mental techniques  of  magnetic  resonance  are  well  known.  However, 
one  frequently  encounters  problems  concerning  the  calibration  of 
appropriate  parameters.  This  paper  reports  an  easy  technique  for 
calibrating  the  modulation  amplitudes,  hm,  for  an  electron  spin  resonance 
spectrometer  (Alpha  320  megahertz)  which  can  be  easily  extended  to 
other  electron  spin  resonance  and  nuclear  magnetic  resonance  spec- 
trometers. The  common  phase  sensitive  detector  technique  usually 
requires  very  small  values  of  h„,  compared  with  the  linewidth  of  the 
absorption  curve;  this  is  usually  given  by 

h(t)   =  hn.sine  wt. 

The  degree  to  which  the  phase  sensitive  detector  gives  an  accurate 
reproduction  of  the  true  derivative  of  the  absorption  depends  upon 
h,„  (1).  The  effects  of  the  modulation  on  Lorentzian  and  Gaussian 
lineshapes  were   discussed  by   Smith  and   Wahlquist   (2,  3).    This  paper 
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outlines  an  experimental  procedure  for  calibrating-  h,„  by  using*  a 
sample  of  known  line  width  and  by  studying  quantitatively  the  "dis- 
tortion" produced  by  h,„.  The  procedure  is  especially  useful  in  those 
cases  where  an  accurate  determination  of  h,„  at  the  actual  sample 
site  is  required. 
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Abstract 

Using  improved  technique,  a  new  search  for  charged  faster-than-light  particles 
has  been  performed.  New  upper  limit  of  production  cross  section  of  faster-than-light 
particles  is  found  to  be  9  X  10-36  square  centimeters. 

Introduction 

Faster-than-light  particles  (tachyons)  are  hypothetical  particles 
traveling1  with  a  speed  always  exceeding  that  of  light  in  vacuum 
and  having  imaginary  rest  mass  (2,  4,  5).  These  properties  may  be 
used  in  search  of  such  particles.  If  tachyons  are  electrically  charged, 
this  property  may  be  used  as  well.  This  is  especially  true  if  charged 
tachyons  should  emit  Cerenkov  radiation  as  ordinary  particles  some- 
times do.  This  radiation  may  serve  as  an  identification  signal.  The 
present  investigation  is  an  improved  version  of  previous  experiments 
to  search  for  Cerenkov  light  from  charged  tachyons  (1). 

It  can  be  shown  that  a  charged  tachyon  will  lose  energy  very 
fast  due  to  Cerenkov  radiation  (1).  In  a  fraction  of  a  centimeter 
even  a  very  energetic  tachyon  would  radiate  practically  all  of  its 
energy  and  continue  with  an  energy  much  less  than  1  ev.  Although 
this  behavior  causes  some  difficulties  for  directly  observing  the  parti- 
cles, it  can  be  used  to  detect  them  indirectly.  If  the  tachyons  are 
allowed  to  pass  through  an  electric  field,  they  will  gain  energy  from 
the  external  field.  This  energy  will  then  be  emitted  mainly  as  Cerenkov 
light  which  can  be  detected.  This  procedure  allows  observation  of 
possible  tachyons  over  an  extended  path  length  of  many  centimeters 
far  away  from  any  production  region. 

Measurement 

Figure  1  shows  a  block  diagram  of  the  instrument  used.  Charged 
tachyons  are  supposed  to  pass  through  the  completely  separated  ex- 
ternal fields  A  and  B.  Each  field  region  is  viewed  by  a  photomulti- 
plier.  These  are  connected  in  coincidence  to  reduce  background  signals, 
especially  those  due  to  microsparks.  The  coincidence  unit  gates  a 
multichannel  pulse  height  analyzer  registering  pulses  from  one  of 
the  photomultipliers.  Tachyons  would  correspond  to  a  peak  in  the 
pulse  height  spectrum  since  all  particles  would  emit  the  same  amount 
of  energy  in  the  electric  field.  With  the  field  gradient  used,  3  kv/cm, 
this  energy  corresponded  to  about  1000  photons  in  the  sensitive  range 
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of  the  photomultipliers.  Taking-  geometry  factors  into  account,  it 
is  estimated  that  about  100  photons  of  suitable  energy  would  reach 
each  of  the  photomultipliers. 
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Figure   1.     Block  diagram  of  the  experimental  setup. 


The  detector  arrangement  was  calibrated  and  adjusted  in  a  special 
setup  consisting  of  a  plastic  scintillator  viewed  by  the  two  photomulti- 
pliers. Gamma  rays  from  a  Cdios  source  (EX  =  159  kev)  were  used 
to  produce  pulses  suitable  for  calibration. 
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Results 

Figure  2  gives  the  spectrum  registered  by  the  multichannel  analyzer 
when  a  5  Currie  Co60  source  was  used  as  a  possible  production  source 
of  tachyons.  The  arrow  in  the  figure  indicates  where  the  tachyon 
peak  ought  to  occur  according  to  calibration. 
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Pulse  height  spectrum  as  seen  by  one  of  the  photo-multipliers  and  regis- 
the  multichannel  pulse  height  analyzer.  The  arrow  indicates  where  the 
tachyon  peak  ought  to  occur  according  to  calibration  (compare  text). 


From  arguments  similar  to  those  presented  in  a  previous  experi- 
ment (1),  it  was  possible  to  calculate  a  limit  of  the  production  cross 
section  of  tachyons  for  photo  reactions  in  lead.  An  upper  limit  for  the 
number  of  tachyons  registered  in  the  measurement  is  taken  from 
Figure  2  to  be  less  than  10  for  a  36  hour  period.  This  corresponds 
to  an  upper  limit  of  the  cross  section 

o-  ^  q    X    10-36  cm-' 

The  previous  limit  was  1.7  X  10  33  Cm-  (3).  We  will  continue  these 
experiments  to  improve  the  limit;  also,  a  careful  investigation  of  the 
background  is  in  progress. 
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Abstract 

The  possible  use  of  ion  bombardment  and  implantation  in  the  study  of  biological 
material  is  considered.  Especially  the  use  of  ion  implantation  to  enhance  contrast 
in   electron   microscopy   is   discussed. 

Introduction 

Ion  bombardment  and  implantation  have  been  found  to  be  of 
importance  in  studies  of  the  structure  of  simple  crystals  (2).  It  is 
possible  that  the  ion  technique  may  also  be  of  importance  in  probing 
more  complex  structures  such  as  biological  material.  In  fact,  some 
preliminary  investigations  have  shown  hopeful  signs. 

Ions  entering  matter  react  with  its  constituents  in  a  complex 
way  and  cause  various  effects  which  are  characteristic  of  the  ma- 
terial under  exposure.  In  this  connection  the  following  subjects  are 
of  importance  to  consider  briefly:  Ion  ranges,  sputtering,  radiation 
damage  and  ion  implantation. 

Ion  Ranges 

The  penetration  power  or  range  of  energetic  ions  has  been 
studied  extensively  for  non-biological  material  (2).  For  modest  ion 
energies  (^  100  kev)  the  range  is  of  the  order  of  100  A  or  less 
depending  partly  upon  the  nature  of  the  ions  and  partly  upon  the 
target  material.  In  general  there  is  a  certain  spread  in  the  ion  range. 
For  instance,  for  Rn  222  ions  of  energy  2  kev  directed  into  Aluminum 
the  range  is  about  50  A  with  50%  of  the  ions  stopped  in  a  layer 
of  about  20  A  thickness  (2).  For  biological  material  range  measure- 
ments have  not  been  performed  to  any  extent  but  it  is  probable  that 
existing  data  for  non-biological  material  are  representatives  also 
for  biological  material  to  a  first  approximation. 

Under  certain  circumstances  the  ranges  of  ions  in  matter  are 
considerably  longer  than  those  mentioned  above.  This  happens  if 
the  incoming  ions  have  a  direction  that  coincide  with  a  special  pre- 
ferred direction  in  the  target  crystal.  This  so  called  channeling 
effect  has  been  used  extensively  to  probe  crystal  structures.  It  is 
possible  that  similar  effects  may  exist  in  biological  material.  For 
instance  the  laminar  structure  of  membranes  may  give  rise  to  pre- 
ferred directions. 

Sputtering  and  Radiation  Damage 

The  target  material  is  not  unaffected  by  the  incoming  ions.  Some 
target    atoms    are    knocked    out    (sputtered)    from    the    surface.     This 
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process  has  been  found  to  be  useful  in  structure  studies  in  many 
cases  since  the  sputtering  yield  is  dependent  upon  the  characteristic 
properties  of  the  target  material.  Although  no  direct  measurements 
exist  for  biological  material  it  is  probable  that  similar  effects  exist 
there. 

The  occurrence  of  sputtering  means  that  a  certain  amount  of 
radiation  damage  is  caused  by  the  incoming  ions.  The  amount  of 
damage  depends  again  upon  the  type  of  ion  and  target  material. 
Sometimes  the  damage  is  so  severe  that  the  ion  beam  can  be  used 
for  etching  of  surfaces.  Recently,  the  damaging  effect  of  ions  has 
also  been  suggested  to  be  used  to  erode  parts  of  micro-organisms 
to  observe  its  inner  structure  (2).  This  could  be  an  interesting  ap- 
plication of  ion  beam  technique  to  biological  structure  research. 

Ion  Implantation 

In  contrast  to  X-ray  and  electron  diffraction  experiments  an  ion 
bombardment  implants  a  certain  amount  of  foreign  material  in  the 
substance  under  study.  This  may  sometimes  be  a  disadvantage.  How- 
ever, under  certain  circumstances  it  may  be  useful.  An  example  is  ion 
implantation  in  biological  material  to  enhance  the  contrast  in  electron 
microscopy.  It  has  been  shown  recently  that  bacteria  cells  of  Escherichia 
coli  B  exposed  to  25  kev  lead  ions  for  a  short  interval  show  an  en- 
hanced contrast  when  viewed  by  an  electron  microscope  compared  to 
unexposed  bacteria  (1).  The  advantage  of  using  ion  implantation  in 
this  case  is  mainly  that  the  depth  of  the  contrast  material  can  be  regu- 
lated from  the  accelerating  voltage  of  the  ions.  A  low  voltage  of  a 
few  hundred  volts  will  deposit  the  ions  on  the  surface;  a  larger  voltage 
will  deposit  the  contrast  material  under  the  surface  at  a  suitable  level. 

The  above  method  is  illustrated  in  Figure  1.  This  shows  a  part  of 
a  bacterium  Escherichia  coli  B  which  has  been  exposed  to  25  kev  lead 
ions.  Figure  2  shows  a  bacterium  not  bombarded  by  lead  ions.  It  is 
obvious  that  a  contrast  enhancement  has  occurred  for  certain  parts 
of  the  cell.  Further  studies  of  this  method  is  required  in  order  to 
determine  its  usefulness. 

The  electron  micrographs  (Figs.  1  and  2)  were  prepared  in  the 
following  manner.  Bacterial  cells  of  Escherichia  coli  B  (ATTC  11303) 
were  grown  at  37  °C  in  nutrient  broth  with  continuous  aeration  into 
late  logarithmic  phase.  The  bacteria  were  subjected  to  low  speed 
centrifugation  (10,000  x  g)  and  resuspended  into  0.1  M  ammonium  ace- 
tate solution  at  the  same  cell  titer.  A  drop  of  the  suspension  was 
placed  in  a  copper  grid  on  which  had  been  layered  formvar  and  shadowed 
with  carbon  in  a  vacuum  evaporator  using  conventional  techniques.  The 
drop  of  liquid  was  aspirated  from  the  grid  by  touching  it  with  the  edge 
of  a  sheet  of  filter  paper.  The  grid  was  then  allowed  to  dry  and  sub- 
jected to  lead  ion  implantation  (ion  current  10  \i  amp,  exposure  time  10 
min,  incident  angle  45°).  The  pictures  were  taken  with  Hitachi  HE 
transmission  electron  microscope  operating  at  75  kv  accelerating  po- 
tential. 
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Figure  1.     Electron    micrograph    of    part    of    cell    Escherichia    coli    B    exposed    to    lead 
ions   of    25    kev    energy    to    enhance    contrast.    For    details   of    preparation    see    Reference 

1.  Magnification  X  58000. 


# 


Figure  2.     Electron    micrograph    of    control     cell     of     Escherichia     coli     B     not     exposed 
to  ion  beam.    Magnification  X  58000. 
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Conclusion 


The  few  experiments  using  ion  bombardment  to  study  biological 
structure  show  certain  promising  results.  A  comparison  with  the  data 
obtained  by  ion  technique  to  investigate  structure  of  non-biological 
material  seems  to  indicate  that  a  wider  application  of  ion  bombardment 
in  the  biological  domain  may  be  useful.  A  systematic  study  of  the  sub- 
ject is  therefore  of  interest. 
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Abstract 
In  the  context  of  guided  wave  propagation,  the  concept  of  impedance  wall  is  an 
extension  of  the  classical  problem  of  propagation  in  guides  bounded  by  perfectly 
conducting  walls.  The  notion  has  been  used  by  a  number  of  workers  for  the  study 
of  some  particular  guide  types  in  which  the  wall  impedance  may  be  assumed  con- 
stant. The  author  formulates  precisely  the  appropriate  boundary  value  problem 
for  general  impedance  walls  for  guides  of  constant  circular  section  and,  in 
particular,  determines  all  axially  symmetric  solutions  which  yield  waves  propagating 
without  attenuation.  It  was  found  that  these  solutions  do  not,  in  general,  yield  a  set 
of  complete  orthogonal  functions  on  the  guide  interior.  When  the  analysis  was 
appropriately  modified  to  eliminate  this  difficulty,  it  was  found  that  the  theory  is 
applicable  to  a  much  larger  class  of  guides  in  which  the  wall  impedance  may  be  a 
non-constant  function  of  distance  along  the  guide. 

Introduction 

A  prominent  part  of  the  classical  theory  of  guided  wave  propaga- 
tion is  the  theory  of  propagation  in  closed  cylindrical  tubes,  of  circular 
section,  in  which  the  wall  is  supposed  perfectly  conducting.  When 
phrased  as  a  steady-state  boundary  value  problem  for  Maxwell's  equa- 
tions, the  assumption  of  perfect  conductivity  reduces  the  condition: 
at  the  wall  radius,  the  components  of  the  electric  vector  E  tangent  to 
the  wall  vanish  identically.  Analysis  then  leads  to  the  well-known 
theory  of  modes  of  propagation  in  cylindrical  guides.  (See,  for  example, 
the  developments  of  the  theory  in  such  treatises  as  (7,  11,  12  or  14).) 

In  recent  years,  some  researchers  have  considered  certain  prob- 
lems of  guided  wave  propagation  for  cylindrical  domains  with  the  aid 
of  a  mathematical  model  in  which  the  perfectly  conducting  cylindrical 
boundary  is  replaced  by  an  impedance  wall.  For  example,  Unger  (16,  17, 
18)  used  such  a  model  to  study  propagation  in  certain  types  of 
helical,  lined  and  dielectric  waveguides.  As  he  stated  in  (16),  such  a 
model  may  be  employed  for  waveguides  which  ".  .  .  have  a  uniform 
and  isotropic  interior  but  an  exterior  which  may  be  either  hetero- 
geneous, anisotropic  or  unlimited.  To  find  the  normal  modes  of  wave 
propagation  is  considerably  facilitated  when  the  complex  exterior 
region  is  replaced  by  an  impedance  wall  at  the  interface  to  the  interior. 
The  boundary-value  problem  may  then  be  formulated  with  the  im- 
pedances of  this  wall." 

I  independently  considered  such  problems  in  my  search  for  reason- 
ably simple  mathematical  models  for  the  slow  wave  guides  of  traveling- 
wave    tubes.    To    develop    a    useful   field   theory    of   phenomona    in    such 
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devices,  a  model  for  the  guide  is  required  which  may  be  applied  to  a 

variety  of  tube  interiors:  otherwise,  an  analysis  must  be  carried  out  ad 

hoc  for  each  one  of  the  many  interesting  and  potentially  useful  slow 
wave  guide  geometries. 

In  fact,  a  preliminary  study  along  the  lines  just  described  was 
carried  out  by  Birdsall  and  Whinnery  (3).  Although  these  authors 
clearly  appreciate  the  desirability  of  having  generally  applicable  field- 
theoretic  models  for  such  tubes,  their  analysis  ".  .  .  is  primarily  appli- 
cable to  non-propagating  structures  such  as  the  inductive-  and  resistive- 
wall  amplifiers  .  .  .".  However,  on  the  basis  of  the  results  given  in 
this  paper,  I  considered  that  the  impedance  wall  concept  is  capable  of 
yielding  information  of  a  much  more  general  character.  Most  traveling- 
wave  tubes  consist  of  a  cylindrical  beam  of  electrons,  surrounded  co- 
axially  by  a  slow  wave  guide,  between  which  intervenes  an  empty 
cylindrical  annular  region.  If  wall  impedances  can  be  assigned — either 
at  the  outer  boundary  of  the  latter  domain  or  at  the  boundary  of  the 
beam  itself — so  as  to  produce  an  interior  field  (in  the  absence  of  the 
beam)  of  the  same  character  as  that  of  an  actual  slow  wave  structure, 
then  the  possibly  artificial  character  of  the  wall-impedance  notion  is 
a  matter  of  indifference. 

Accordingly,  I  adopt  here  the  following  point  of  view:  the  notion 
of  wall  impedance  leads  to  a  perfectly  well-defined  boundary  value 
problem  of  electromagnetic  theory,  in  its  own  right,  of  a  more  general 
character  than  the  classical  problem  (which  now  appears  as  a  simple 
special  case).  This  problem  was  formulated  precisely,  and  I  studied 
the  properties  of  the  fields  which  emerged  as  a  consequence. 


Formulation  of  the  Impedance-Wall  Boundary  Value  Problem. 

Solutions  in  the  Case  of  Constant  Wall  Impedance. 

Details  for  the  Axially  Symmetric  Case. 

Maxwell's  equations  for  the  interior  of  a  vacuous  region  V  are 
(in  MKS  units,  (14)) 

V    X    H   -  e   rr    0,  V    X    E  +  fi =    O  [1] 

dt  dt 

where  E  and  H  are  the  usual  electric  and  magnetic  intensities,  and 
e  and  ix  are  the  permittivity  and  permeability  of  vacuum,  respectively. 
I  was  concerned  only  with  single-frequency  phenomena  in  the  steady 
state,  and  thus  assumed  E  and  H  to  depend  on  the  time  in  the  form 
e-iwt  (0)  =  2?rf,  f  an  arbitrary  positive  frequency  in  cycles/second). 
Then,  replacing  E,  H  in  [1]  by  E  eiwt,  H  e  iw«  obtained  the  usual 
time-independent  equations, 

A   x   H  +  i0,cE  =  0,  A  X  E  -  WH  -  O  [2] 

I  took  for  region  V,  referred  to  cylindrical  coordinates  r,  0,  z,  the 
open  cylindrical  domain  defined  by  0^r<B,  O^0<2tt,  /z/<oo,  where 
the  radius  B  of  V  is  an  arbitrary  but  fixed  positive  constant  (Fig.  1). 
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Figure     1.     From     left    to    right,     cross-    and    longitudinal    sections    of    the    domain     V: 
0—r<C.B,/z/<C.oo.    The  wall  impedance  boundary  conditions  are  applied  at  r=B. 


I  therefore  sought  vectors  E  and  H  with  the  following  properties: 
1)  at  every  point  of  V,  E  and  H  satisfy  equations  [2];  2)  these  solu- 
tions have  the  character  of  waves  traveling  in  the  direction  z>0; 
3)  at  the  boundary  r  =  B,  the  angular  and  axial  components  of  E 
and  H  satisfy  the  conditions 
E, 
~S7 


=  -  Z, 


H, 


[3] 


where  Zi  and  ZL.  are  complex-valued  in  general,  but  are  independent 
of  position  (</',z)  on  the  wall  r  =  B.  (As  seen  below,  [3]  may  be  in- 
terpreted in  such  a  way  that  Z,,Z,  represent  sequences  of  complex 
numbers. 

Following  Unger  in  (16),  Zi,  ZL.  were  called  the  impedances  of 
the  wall  r  =  B.  The  case  where  Zi,  ZL.  are  independent  of  position 
nevertheless  allows  them  to  be  arbitrary  functions  of  the  frequency 
parameter  0).  This  case  was  considered  first,  and  then  I  showed 
how  one  may  deal  with  problems  for  which  the  impedances  may  be 
functions  of  boundary  position. 

Since  I  intend  to  publish  a  fuller  account  elsewhere  (13),  the 
solution  process  was  described  only  in  outline  and  I  proceed  directly 
to  the  solutions  themselves.  The  equations  [2]  were  first  written  in 
the  coordinates  (r,</>,z).  From  the  nature  of  the  domain  V,  it  was 
clear  that  the  desired  solutions  must  have  period  2tt  in  0;  supposing 
the  field  components  to  depend  on  </>  in  the  form  exp(in0)  (n  =  0, 
±  1,  ±2,  .  .  .),  the  equations  were  then  reduced  to  equations  in  the  n-th 
Fourier  components  of  Is  and  H.  Further,  to  satisfy  condition  2), 
I  supposed  these  latter  components  to  vary  with  z  as  exp(ijSz),  for 
some  (real)  ft  to  be  determined.  The  resulting  equations  were  then 
solved  for  the  transverse  components  Er,Eq,Hr,HQ  as  linear  functions 
of  the  axial  components  E,,H,  and  their  derivatives  with  respect  to  r. 
Let  k  =  o>/c  (c  =  1/  V  fie  being  the  usual  plane  wave  phase  propagation 
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velocity).  Two  solutions  were  then  obtained,  according  as  £>k  or  p^k. 
They  were  as  follows: 

£>k:  slow  waves 


Er   =  B  I  (Tr) A  I'(Tr) 

TP~r      n  n  f         n  n 


i0)(x                            (in 
Ey  =  B  I'(Tr)    +  A  I  (Tr) 

f         n    n  Y-r         n  " 

Ez   =  A  I  (Tr) 

n  n 


\ji  0,en 

Hr  =  -  —  B  I'(Tr)  -  A  I  (Tr) 

f       n    n  T^r  n  n 


tfn                              i0)( 
Hg  =  B  I  (Tr)  -  A  I'(Tr) 

H,  =  B  I  (Tr) 

n  n 


X    e 


i(ntf  +/3z-o,t) 


[4] 


p^k:  fast  waves 


Eg 


i0fii)  \p 

D  J  (Tr)   +    —  C  J'(Tr) 

^l»j.       n  n  f        n    n 


i0>/u  0n 

D  J'(Tr) C  J  (Tr) 

f       n  ii  T-r      "  " 


Ez  =  C  J  (Tr) 

n    n 


1/3  (,>cn 

Hr  =  —  D  J'(Tr)   +  C  J  (Tr) 

IP       n  n  T-r      "  " 


£n                             i0j< 
Hg  =  -  D  J  (Tr)   + C  J'(Tr) 

Ylif         n    n  IP  n    n 


H,  =  D  J  (Tr) 


L      X   e 


i(n«/,  +/az-0>t) 


[5] 


where  n  =  O,  ±1,  ±2,  .  .  .,  and 

T  =    V/32  _  k2,     £>k 


=     Vk2   -  02,      /3^k 


[6] 


and  An,  .  .  .,  D„  are  constants  of  integration  depending,  in  general, 
on  k  and  n.  The  phase  factor  of  the  field,  expi(£z  -  o>t),  gave  for 
the   phase   velocity  v   =   u>/j8,   and   v/c   =   k/jS  for  the   relative   phase 
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velocity;  hence  my  designation  as  slow  (fast)  waves  those  with 
P  >  k  (/3^k),  which  just  corresponds  to  v/c  <  1  (v/c  ^  1).  In  [5], 
J„(x)  is  Bessel's  function  of  the  first  kind  of  order  n  (cf.  (20)),  and  in 
[4],  I„(x)  is  the  modified  Bessel's  function  of  order  n.  In  both  [4] 
and  [5],  ()'  denotes  derivative  with  respect  to  the  complete  argument, 
Tr.  I  was  interested  in  solutions  with  real  values  of  |8  which — for  either 
slow  or  fast  waves — corresponds  to  propagation  without  attenuation  in 
the  direction  z  >  0. 

It    remained    to    impose    the    boundary    conditions    [3].     I    recalled 

that    [4]    and    [5]    are    expressions    for   the   n-th    term    in    the    Fourier 

development    of    the    field.     In    applying     [3],    I    supposed    that    each 

such    Fourier   component   has    associated    with    it   two    impedances    Z(n), 

1 
Z(n).     (Of   course    Z(n)    =    Z    may    be    taken   for   all    n,    i.e.,   it   may   be 

2  i  j 

assumed  in  particular  that  each  component  "sees"  the  same  impedance.) 
Calculation  then  gives,  if  /3  >  k, 

I   (TB) Z<»>I'(TB)  — —  I'(TB)   -   Z<"'I  (TB) 

n  y        i     n  I      T       n  2     i»  '< 


(TB)    =  0 

[7] 


and  if  /3^k, 


[ico4                         ~\          T  iw/"  1 

J  (TB   H Z<»>J'(TB)  J'(TB)    +  Z(,»J   (TB) 

ii  XI"  j  j       T       n  2      ii  S 

/   /in     X-' 

+     [   1 )     Z<-'»J^(TB)    =  0 

\  T^B  /        i     » 


[8] 


These  are  equations  to  determine  j8:  Maxwell's  equations  [2]  have 
in  V  the  sequence  of  solutions  [4]  or  [5]  satisfying  the  boundary  con- 
ditions 3),  each  unique  up  to  a  constant  factor,  provided  that  /3  satis- 
fies [7]  or  [8],  respectively.  (I  remark  that — for  the  general  case — 
if  (3  and  hence  T-  is  actually  a  proper  complex  number,  lying  on 
neither  axis  of  the  complex  plane,  then  it  is  largely  a  matter  of 
indifference  whether  [4]  or  [5]  is  adopted  as  the  canonical  solution 
set.) 

For  solutions  that  are  axially  symmetric  (n  =  0),  both  solutions 
[4]  and  [5]  and  the  equations  [7]  and  [8]  simplify  radically.  This 
results  in 
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£>k 

1/3 
-  _  _  BoIilTr) 
T 

i/3 
Er  =  _  —  AoI^Tr)                                 Hr 
T 

Hg  =  _  -^-  AoIi(Tr)          (a)             E„ 

T 

-  BoUTr) 

T 

(b) 

[9] 

E,  =  A(Jo(Tr)                                          Hz 

=  BoIo(Tr) 

and 

li^k 

i/3 
=  -  —  DoJi(Tr) 

T 

i/3 
Er    =  -  —  CoJ^Tr)                               Hr 

Hq  =  _  -^-  CoJi(Tr)          (a)             Eg 
T 

=     ^     D,Jl(Tr) 
T 

(b) 

E,  =  CoJo(Tr)                                          Hz 

=  DoJo(Tr) 

[10] 

In  place  of  [7]  and  [8]  the  following-  results  for  £  >  k 

Io(TB)  -  ~^-  ZJ^TB)    =  0   (A0=^ 

T                      '                      ^ 

0)         (a) 

[11] 

-^-  L(TB)  _  Z2Io(TB)   =  0   (Bo=^ 

0)         (b) 

T 
and  for  /3  ^  k, 

j0(TB)   _  -^-  ZJ^TB)   =  0   (C„=^  0)  (a) 

T  ^  [12] 

_  J^_  JX(TB)   +  Z2J0(TB)   =  0   (D„=^  0)  (b) 

T  ^ 

(where  I  wrote  Z<o)=  Z     Z<<>>  =  Z  ).    Thus  if  n  =  0  (and  only  then),  it 

1  12  2 

was  seen  that  the  fields  split  into  E-  and  H-waves,  the  coefficients 
Ao,B0  (or  Co, Do)  are  independent,  and  the  value  of  T  in  [9a]  satisfies 
[11a],  while  the  T  of  [9b]  satisfies  [lib]:  a  similar  remark  holds 
for  expressions  [10]  and  equations  [12]. 

The  case  of  real  values  of  p  >  k  was  now  considered.    If  I  defined 
Z0  rrrA/^/e  ~  376.7  ohms,  then  0^  =  k/Z0  and  com  =  kZ0  could  be  written. 

Then  equations  [11]  could  be  written  in  the  dimensionless  forms 

TBIo(TB)  iZ, 

-  kB (E-waves)         (a) 


Ii(TB)  Z0  [13] 

iZ« 

=  kB  (H-waves)  (b) 

Z,. 

respectively.  The  character  of  the  solutions  to  [13]  was  readily  seen 
by  a  simple  graphical  argument.  The  behavior  of  the  common  left- 
hand  side  of  [13]  is  shown  in  Figure  2.  It  followed  that  equations 
[13]    have   unique   real   solutions   TB    (and   hence   j3B)    if,   and   only   if, 
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the  right-hand  sides  were  both  real  and  ^  2.  In  particular,  it  was 
obviously  necessary  that  both  Zi,Z2  be  purely  imaginary,  with  Im 
Z,  <  0  and  Im  Z2  >  0.  In  terms  of  wall  impedances  thus  chosen, 
kB  must  be  ^  2Z0/iZ,  and  kB  must  be  ^  2Z2/iZn,  respectively. 


Figure  2.    Sketch  of  the  graph  of  y=xIo(x)  /Ii(x)  for  x  >  O,  from  which  it  is  clear  that 
the    equation    y  =  A    has    one    and    only    one    real    solution    xi    (say)    for    every    const  ant 

A>2. 


However,  there  was  no  sharp  separation  between  the  slow  and 
fast  wave  situations,  as  is  described  below.  For,  turning  to  equations 
[12],  their  dimensionless  equivalents  were  obtained  in  the  same  way, 
viz., 


TBJ„(TB)  iZx 

=  kB  

J.(TB)  Z„ 

iZfl 


(E-waves)         (a) 


[H] 


-  kB  (H-waves)  (b) 

The  behavior  of  xJ0(x)/Ji(x)  for  x^O  is  shown  in  Figure  3.  The 
first  vertical  asymptote  in  Figure  3  occurs  at  the  smallest  positive 
zero  of  Ji(x);  letting  xt  be  this  zero,  both  equations  [14]  have  in- 
finitely many  real  solutions  TB>Xi  for  all  purely  imaginary  values 
of  Zi  and/ or  Z2.  There  was,  in  fact,  clearly  a  solution  corresponding 
to  each  branch  of  the  graph  lying  in  the  half-plane  x>Xi.  If  0^TB<Xi, 
the  equations  [14]  then  had  solutions  if  and  only  if  the  right-hand 
sides  are  ^  2.  Evidently  it  was  only  the  last-mentioned  situation  which 
bore    any   relation    to    the    real    slow    wave    solutions    already   discussed. 
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For  example,  fixing  upon  a  value  of  kB  in  kB(iZi/Z„),  Za  was  chosen 
so  that  kB(iZ1/Z„)<2.  Then  Figure  3  shows  that  [14a]  has  exactly 
one  (fast  wave)  solution  TB  with  0<TB<x,.  If  I  made  kBOZx/Z,,) 
increase,  I  obtained  at  kB(iZi/Z„)  =  2  the  solution  TB  =  0,  satisfying 
both  [13a]  and  [14a].  But  now,  for  kB(iZ,/Z„)>2,  [14a]  clearly  has 
no  solution  with  0<TB<x,,  while  [13a]  now  has  the  single  solution 
already  discussed.  As  kB(iZi/Z„)  increases  in  the  manner  described, 
then,  the  fast  wave  solution  on  0<TB<Xi  transforms  continuously 
into  the  slow  wave  solution  of  [13a].  However,  no  such  transformation 
takes  place  with  any  of  the  infinitely  many  other  fast  wave  solutions 
having  TB>Xi,  bearing  out  my  remark  above  regarding  the  inseparable 
nature  of  the  fast  and  slow  wave  cases  since,  in  general,  it  is  seen 
that  there  will  be  no  solution  entirely  free  of  fast  waves.  The  existence 
and  nature  of  the  solutions  to  [13]  and  [14]  has  thus  been  revealed 
completely,  in  a  qualitative  way.  (Explicit  approximate  formulas 
for  these  solutions  were  given  in  (13).) 


Figure  3.  Sketch  of  the  graph  of  y—xJo(x)/Ji(x)  for  x>0.  The  points  xok  are  the 
zeros  of  Jn(x).  (The  vertical  asymptotes  occur  at  the  zeros  xik  of  Ji(x).)  It  is  clear 
from  the  sketch  that  the  equation  y  =  A  always  has  count  ably  many  real  solutions  for 
every  real  A.  If  A  =  Az<2,  then  there  is  a  real  solution  on  the  interval  0<x<x//.  // 
A=Ai>2,  then  there  is  no  real  solution  on  this  interval. 


The  total  component  Ez  of  the  field  with  kB(iZ,/Z„)>2  is  now 
considered.  Then  [13a]  has  the  solution  TB  =  X„  (say),  and  [14a] 
has  the  infinite  sequence  of  solutions  T„B  —  X„   (n  =  1,2,3,...);  Figure 

4    shows   these   solutions.     From    [6],  (i,B    =    V  (kB)-    -f-    X-    (the   slow 

(i 

wave)   and  /3„B   =    V  (kB)^  -  X?   (all  the  fast  waves).    From   [9a]   and 

[10a],  E,   is  now  given  by  a  sum  over  all  these  modes  of  propagation, 
viz., 
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r     ipoZ 
E    =  A  I   (X     _)e       + 

z  0    0  0     B 


r 


n=l 


r      i/3nz 
C  J   (X    -)e 

n    o        n   B 


[15] 


Just  as  in  the  case  of  perfectly  conducting  wave  guide,  it  is  now  seen 
that  at  a  fixed  but  arbitrary  value  of  kB,  all  but  a  finite  number  of 
the  fast  wave  modes  are  beyond  cut-off.  However,  a  subtle  aspect  of  the 
field   not   present   in   the   classical   case   can   now  be   seen:    because   of 

the    presence    of   the   slow   wave   component,   AoI„(X0   — )exp(i/30z),   the 

B 
terms  of  the  series  [15]  at  z  =  0,  viz., 


A  I   (X     -) 

O    0  0    B 


+ 


z 


n=l 


C  J   (X    -) 

n    ()  n    R 


do  not  constitute  a  complete  orthogonal  set  on  V.  It  follows  that 
the  amplitude  coefficients  A„,C,,C,,  .  .  .  cannot  be  determined  by  a 
Fourier-Bessel  development  of  a  prescribed  initial  field  given  at 
z  =  0,  as  holds  for  the  classical  case.  To  determine  these  amplitudes, 
a  technique  must  be  employed  which  introduces  the  initial  data  at 
the  outset.  Such  a  method  is  furnished  by  the  Laplace  transform, 
which  was  applied  next. 


Figure  4.  This  sketch  indicates  the  location  of  the  solutions  of  TBIo(TB)/Ii(nCB)  = 
kB(iZi/Zo)  and  TBJo(TB) /Ji(TB)  =  kB(iZi/Zo)  for  the  case  that  kB(iZi/Zo)  is  real 
and  >  2.  The  first  equation  has  the  single  real  solutioyi  Xo,  the  second  an  infinite 
sequence  of  solutions  Xi.Xi.Xs,  .  .  .,  of  which  the  first  three  are  indicated.  In  §§  3  and  4, 
where  TB  takes  complex  values,  the  latter  go  over  into  the  purely  imaginary  solu- 
tions iXi,iXt,iXs 
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Laplace  Transforms  of  the  Field  Equations  and  Their  Solutions 

To  overcome  the  lack  of  completeness  observed  in  §  2,  I  returned 
to  Maxwell's  equations  [2],  reduced  them  again  to  equations  in  their 
n-th  Fourier  ^-components,  and  took  their  Laplace  transforms  with 
respect   to   z.     If   F    =    F(r,n,z,0))    is   any   one   of   the   six   reduced   field 

components  Er,  .  .  .,  Hz,  the  Laplace  transform  F  of  F,  with  respect 
to  z,  is  given  by 

x 
L(F)   =  F(r,n,s,w)    =      j  e  -«F(r,n,z,w)dz 

if  the  integral  on  the  right  exists  (see,  e.g.,  (5)  or  (9)).  The  transform 
enjoys  inter  alia  the  operational  properties 

dF  ~  a-'F  -  dF 

L( )    =  sF  -  F(r,n,G,(f)),  L( )    =  s-F-sF(r,n,0,tr)) 

dz  dz-  dz       zr=0 

When  Laplace  transforms  of  the  reduced  Maxwell's  equations  are 
taken,  it  is  possible  to  solve  for  the  transforms  of  the  transverse  com- 
ponents   Er,E^,Hr,Hu   as   linear   functions   of  the    transforms   Ez,   Hz   and 

their  derivatives.  In  addition  to  E,,  H,  and  their  derivatives,  however, 
the  values  of  the  field  components  on  the  input  plane  z  =  0  now 
enter  these  formulas  explicitly.  All  details  of  the  analysis  were 
deferred  to  (13)  and  again  I  proceed  directly  to  the  solutions  (writing 
down  only  those  components  which  enter  the  boundary  conditions  [3] 
explicitly) : 


E, 

=  A„(s)I„(Tr)   +  P„(r) 

E, 

ins                                  w< 
=       A  (s)I  (Tr) B  (s)I'(Tr) 

T-r      "          "                          T        "           n 

1        f  ins                            d<f> 

-  —            Pn(r)  -  io,,u  — - 

T2        L     r                                 dr 

H, 

=  B„(s)I„(Tr)   +  *„(r) 

H, 

\V)t                               ins 
=        A  (s)I'(Tr)-  B  (s)l  (Tr) 

,                    T         n           n                    J2r      "           n 

E,(r) 

J  [16] 


1          r                                  ins  "I 

—         i())e(dP„/dr)    + 0n(r)    +   H,(r) 


In  [16],  T-  —  _(s-  +  k-),  T  being  that  value  of  the  root  which  re- 
duces to  /32  _  k-  when  s  =  ip,  §  being  real  with  |/3|>k.  The  quantities 
P„(r),  0,,(r),  Ej(r),  H,(r)  are  explicit  functions  of  the  field  com- 
ponents at  z  =  0,  supposed  known.  The  boundary  conditions  [3] 
were  now  applied  to  [16],  which  are  written  here  in  the  form 

E     +  Z<"»H     =  0,  E    -  Z""H     =  0 

1       Q  (1  2      *  [17] 
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at  r  =  B.    When  this  was  done,  I  obtained  the  coefficients  An(s),B„(s) 


A„(s)   = 


[W                                     ]                     ins 
r(TB)_Z""I  (TB)       F  (s)   +  Z<n>I  (TB)G  (s) 
Tf       n                       2     n                 J        ii                      X2B      1       '■  " 


D„(s) 


[18] 


I„(TB)F„(s)    4-       I  (TB)   _  — ' — Z(»'I'(TB)     G„l 
L  n  T        1      n  J 


[19] 


ins 

I„(TB)F„(s)    4-    I  I  (TB)   -  -  —  Z<»>r(TB)  I  G„(s) 

T-'B  L  "  T       i     »  J 

B„(s)    =   

D„(s) 

where,  in   [25], 

D„(s)    =        1  (TB)   _   -^-Z<">I'(TB)  — — r(TB)-Z<»>I  (TB) 

L"  Tl"  J       L     T      "  2     ii  J 

Tns  1    2  Z(») 

+  L(TB)  i 

Lt-'B  J 

Z,       f  dP„  I  ins  1 

F„(s)   =  -P„(B)   +  W  I        R  +  MB)   +  H,(B) 

T2      L  dr     I  rrzB  B  J 

1       T  ins  d*„  +  E,(B)1 

G„(s)    =  Z»0„(B)    +  —      P„(B)  -  w  — -      V_R 

T-      L    B  dr         r— K  J 

It  is  precisely  here — in  the  relations  [17]- [19] — that  the  possi- 
bility of  a  far-reaching-  extension  of  the  wall  impedance  notion  is 
seen;  since  the  other  terms  in  [17]  are  the  Laplace  transforms  of  the 
field  quantities,  rather  than  the  fields  themselves,  it  followed  that 
I  was  at  perfect  liberty  to  take  for  Z,n)  and  Z(n>   not  merely  constant 

values,    but    any    functions    of    s    for    which     the    transforms    possess 
inverses.     I     thus     allowed     Z("',    Z""     to     be    any     analytic    functions 

Z(n)(s),   Z(n)(s),   not   necessarily   constant,    in   all   the   general   formulas 

of  this  section. 

Expressions  [16]-[19]  now  gave  the  Laplace  transforms  of  all 
components  of  the  field  vectors.   In  particular, 

Ez(r,n,s,(„)    -  P„(r) 


hot*  i  ins 

I'(TB)-Z<">I  (TB)     F  (s)+ Z'»»I  (TB)G  (s)  [20] 

L     T      "  2    n  J      n  t-'B     i      '  n 

+     


D„(s) 

and  thus,  integrating  along  the  usual  Bromwich  path, 
h  +  i  cc 


E,(W,W)  =  -L  fs<(1,n,Si,ii)e.d,  w 


h_i 
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giving  the  n-th  Fourier  component  of  Ez,  and  h  has  the  usual  mean- 
ing for  inversions  of  Laplace  transforms.  To  obtain  the  total  com- 
ponent Ez,  [21]  was  multiplied  by  exp(in  <p)  and  sum  over  all  integral 
values  of  n.  From  the  formulas  of  this  section,  an  altogether  similar 
representation  of  LL  was  obtained. 


Some  Remarks  on  the  Inverse  Transforms  in  the 
Axially  Symmetric  Case 

When  n  =  0,  the  expressions  simplify  greatly.    In  particular, 

E,(r,z,0))    = 

h  +  i  co  h  +  i  x 
_1_        r       F.(B)I.(Tr)e-d»  _              -  +  —      (        P.(r)e«d.       f22l 

'"h-icc    MTB)   -  ^-Z,(s,.,(TB,  2A  h_i 


-A 


We  chose  some  particular  values  at  z  =  0  for  which  [22]  assumes 
an  especially  simple  form,  the  functions  F„(s),  P„(r)  being  then 
explicitly  evaluable.  Suppose  that  all  components  of  the  field  vectors, 
together  with  their  derivatives,  vanish  at  z  =  0  on  0^r<B,  except 
for  E,  only,  and  that  Ez(r,0,w)  =  E„  =  const.  Then  E,(r)  =  sE„, 
H-(B)  —  0,  whereupon  [22]  becomes 

h  +  i  x  i0)< 

E„B^         r      I,(TB)  K„(TB)    +—" Z,K,(TB) 

Ez(r,z„„) .  I„(Tr)e«sds 

2tti        .;         TB  I„(TB)    _  h"( 


— Z,L(TB) 

T 


[23] 


h  4-  i 


E„  /*  T     s  TBKaTB)! 

H +  L(Tr)s     eszds 

2yri  -;  [     T"  T"  J 

h  -  i  x 


I  concluded  with  a  suitable  qualitative  discussion  of  [23],  since  the 
purpose  of  this  special  case  (although  of  some  technical  interest  in 
itself)  was  to  bring  out  the  main  features  of  the  propagation  as 
directly  as  possible.  Let  us  recall  that  T  is  now  the  function  of  s 
defined  by  T-  =  —  (s-  +  k- ),  made  unique  as  already  described  above. 
Obviously,  the  branch  points  of  T  are  s  =  ±  ik;  are  these  also  branch 
points  of  the  integrands  in  [23]?  First,  I,.(x)  is  an  even  entire  func- 
tion, and  so  I„(Tr)  is  an  entire  function  of  s  for  each  r.  The  same  is 
true  of  L(x)/x.    Since  Z,(s)    is  analytic,  it  follows  that  the  only  singu- 

i(.)« 

larities  of  the  first  integrand  of  [23]  due  to  I„(TB)  _  Z,(s)I,(TB) 

T 

are    poles.     However,    K„(x)    and    K,(x)    both    have    logarithmic    branch 

points  at  x  =  0,  hence  the  points  s  =  ±  ik  are  branch  points  of  K„(TB) 

iw< 
+    Z,(s)K,(TB),    and    thus    of    the    whole    first    integrand    function. 
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For  the  second  integral  in  [23],  the  points  ±  ik  are  both  simple  poles 
(of  s/T2)  and  branch  points  (of  the  second  summand).  A  suitable 
contour  for  the  integration  is  the  path  C«  shown  in  Figure  5,  where 
I  introduced  the  path  — oo±ik  as  the  branch  cut.  Thus  Ctt  encloses 
neither  branch  point.    For  each  of  the  integrals  in  [23],  I  wrote 


[24] 


h  +  iR 

/    -    /    -    / 

h-iR  C  C 

R  R' 

where  C       is  that  part  of  the  contour  other  than  the  vertical  segment 

R' 
joining  the  points  h   ±  iR.    As  R-»oc,  the  integral  on  the  left  in   [24] 

approaches  an  integral  in  [23].  On  the  other  hand,  the  first  integral 
on  the  right  in  [24]  gives  the  sum  of  the  residues  of  the  integrand 
at  its  poles.  In  the  case  Zi  =  const,  with  kB  (iZi/Z0)>2,  these  (simple) 
poles  are  the  roots  of  [13a]  already  discussed.  Taking  the  sum  of 
residues  at  all  these  simple  poles  for  the  first  integrand  in  [23], 
essentially  the  series  [15]  was  obtained,  with  the  coefficients  A0,Ci,C2, 
.  .  .  all  determined  uniquely.  However,  more  was  obtained:  the  second 
integral  in  [23]  yielded  waves  which  propagate  without  attenuation 
at  the  velocity  c,  unaffected  by  the  boundary  conditions.  There  will 
also  be  contributions  from  both  integrals  due  to  the  branch  points, 
as  the  radius  of  the  small  circles  drawn  around  each  branch  point 
was  made  to  tend  to  zero.  I  conjectured  that  the  role  of  the  branch 
point  contribution  was  essentially  mathematical  rather  than  physical, 
causing  the  solution  to  satisfy  both  Maxwell's  equations  and  the  boundary 
conditions  on  the  open  domain  V:  z>0,  i.e.,  arbitrarily  near  z  =  0. 
At  some  distance  from  the  source  plane  z  =  0,  it  was  the  residue 
series  that  was  the  physically  significant  part  of  the  solution. 


Conclusions.  Some  Further  Remarks  on  the  Literature 

The  impedance-wall  boundary  value  problem  has  been  formulated 
precisely  for  cylindrical  domains.  The  solution  of  the  axially  symmetric, 
constant-impedance  case  was  determined  to  within  detailed  examina- 
tion of  certain  contour  integrals  in  the  complex  plane.  Those  integrals 
represent  inverse  Laplace  transforms,  the  introduction  of  which  was 
necessary  because  of  the  lack  of  mode  completeness  on  the  entire 
open  domain  V.  Contour  integral  representations  for  the  general 
case  were  given.  I  found,  in  particular,  that  the  Laplace  transform 
allowed  me  to  handle  a  class  of  problems  in  which  the  wall  impedances 
are  functions  of  position  on  the  boundary  r  =  B.  A  case  of  special 
technical  interest  is  that  in  which  the  generalized  wall  impedances 
Z(n)(s),  Z(n>(s)   are  Laplace  transforms  of  periodic  functions  of  z.    On 

1  2 

the  basis  of  preliminary  analyses  already  made  by  me,  I  conjecture 
that  the  solutions  in  such  a  case  will  have  the  properties  of  fields  in 
actual  periodic  structures. 
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Figure  5.  The  contour  Cr  for  inversion  of  the  transform  Ez  (r,s,w)  in  §  h-  The  contour 
avoids  the  purely  imaginary  branch  points  ±ik,  as  well  as  the  simple  poles  iXn  lying 
on  the  Im  s  axis.  (iXn  denotes  those  poles  <  k  in  absolute  value.)  In  the  limit  as 
R-^-oo  and  the  radii  of  the  small  circles  about  ±ik  tend  to  zero,  the  right-hand  side 
of  [23]  tends  to  the  wanted  field  components  Ez  (r,z,w). 

I  wish  to  thank  the  referee  for  his  constructively  critical  remarks, 
and  to  conclude  with  some  observations  relevant  to  the  points  raised  by 
him. 


I  presume  it  is  clear  to  the  reader  from  the  authors  cited  in 
my  introduction  that  the  notion  of  surface  impedance  is  not  original 
with  me.  Indeed,  I  do  not  know  by  whom  the  concept  was  first  clearly 
formulated  and  used  in  the  sense  here  employed,  viz.,  as  a  technique 
for  approximate  solution  of  boundary  value  problems  in  electromag- 
netic theory.  I  am,  in  fact,  unaware  of  any  published  critique  of  the 
notion  per  se.  The  idea  of  an  impedance  manifold  which,  in  some 
sense,  guides  or  "supports"  the  propagation  of  electromagnetic  waves, 
seems  to  be  simply  a  tool  used  ad  hoc  for  the  approximate  solution 
of  problems,  problems  for  which  an  exact  solution  may  be  unavailable 


402  Indiana  Academy  of  Science 

or  secured  only  at  the  expense  of  unjustifiably  great  labor.  This 
ad  hoc  character  becomes  clear  from  the  recent  literature.  Thus  Ber- 
nardi  and  Valdoni  (2)  apply  the  notion  of  impedance  wall  ".  .  .  to 
solve  the  problem  of  the  propagation  of  TE  zero-order  modes  in  a 
rectangular  waveguide,  loaded  by  a  thin  and  high  dielectric  constant 
slab  against  one  side  wall  .  .  .".  Tsandoulas  (15)  studied  the  character 
of  a  radiation  field  "due  to  a  surface  wave  propagating  along  a 
rod  waveguide  having  a  surface  impedance  varying  linearly  with  dis- 
tance along  the  direction  of  propagation  .  .  .".  A  similar  application 
was  given  by  Kritikos  (8).  The  special  nature  of  the  problems  con- 
sidered is  especially  to  be  noted  in  all  these  cases.  Bahar  (1)  and 
Gallawa  (6)  were  chiefly  interested  in  the  development  of  impedance- 
wall  models  applicable  to  propagation  between  the  earth  and  the 
ionosphere.  Wait  (19),  in  the  same  spirit,  studied  ".  .  .  the  modes 
which  will  be  excited  between  two  parallel  [plane]  impedance  bounda- 
ries .  .  .".  Savard  (10)  developed  a  theory  ".  .  .  in  which  the  boundary 
conditions  at  [a  cylindrical]  guide  surface  are  specified  by  an  im- 
pedance dyadic  .  .  ."  for  the  study  of  certain  surface-wave  phenomena. 
It  is  clear  that  Savard  has  no  such  problems  in  mind  as  are  here 
contemplated  although  some  of  my  expressions  bear  a  formal  re- 
semblance to  his.  Perhaps  the  best  introduction  to  the  notion  of 
an  impedance  surface  is  to  be  found  in  the  excellent  expository  article 
of  Borgnis  and  Papas  (4)  who,  without  much  ado,  simply  apply  the 
notion  to  particular  problems  when  and  where  it  suited  them. 

My  own  exploitation  of  the  notion  of  impedance  wall  is  somewhat 
less  special  than  that  of  our  colleagues  cited.  Although  I  began  by 
formulating  the  problem  abstractly,  in  the  interest  of  clarity  of  ex- 
position, I  consider  that  the  chief  merit  of  my  work  consists  in  pointing 
out  that  the  impedance  wall  concept  is  capable  of  yielding  models  of 
propagation  in  guides  for  which  the  wall  impedance  is  an  "arbitrary" 
function  of  position  on  the  (cylindrical)  wall.  As  I  have  pointed  out, 
my  own  interest  lies  mainly  in  the  development  of  models  for  slow 
wave  guides.  However,  it  was  my  abstract  formulation  at  the  outset 
which  led  me  to  such  a  general  conclusion. 
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Abstract 

The  possibility  of  nuclear  synthesis  of  helium  from  hydrogen  in  a  plasma  of  very 
low  density  (density  about  10-23  gram  per  cubic  centimeter)  is  discussed.  It  was  found 
that  under  suitable  conditions  the  helium  to  hydrogen  mass  ratio  may  reach  0.01.  It  is 
assumed  that  the  energy  source  driving  the  synthesizing  reactions  comes  from  matter- 
antimatter  annihilations. 

Introduction 

Synthesis  of  elements  is  usually  assumed  to  occur  in  regions  of 
high  density  of  matter.  As  far  as  the  formation  of  helium  is  con- 
cerned, which  is  the  topic  of  this  paper,  there  are  especially  two 
high  density  regions  that  have  been  considered  (3):  1)  the  interior 
of  certain  stars  such  as  the  sun,  and  2)  very  massive  objects  of 
unknown  origin  that  are  in  a  process  of  collapse  or  explosion  such 
as  the  hypothetical  universal  fireball.  Both  these  environments  can 
lead  to  the  creation  of  a  substantial  amount  of  helium  from  protons 
or  a  mixture  of  protons  and  neutrons.  It  is  possible  that  the  correct 
solution  involves  one  or  both  of  these  theories.  It  is  also  possible  that 
other  synthesizing  mechanisms  have  been  of  importance. 

In  this  paper  we  consider  the  formation  of  helium  from  hydrogen 
in  a  plasma  of  very  low  density,  a  density  of  the  order  of  1023  g/cmS 
which  corresponds  to  a  particle  density  of  about  one  per  cm3.  This 
somewhat  unusual  condition  for  element  synthesis  is  of  interest  to 
investigate  (2,  H.  Alfven,  personal  communication)  in  connection 
with  the  cosmological  model  of  Alfven  and  Klein  (1).  In  the  universe 
considered  by  these  authors,  matter  and  antimatter  should  enter  in 
a  symmetrical  way.  Such  a  world  would  undoubtedly  contain  regions 
where  a  certain  amount  of  mixing  of  matter  and  antimatter,  primarily 
protons  and  antiprotons,  occur.  Especially  there  should  be  such  areas 
at  the  border  lines  between  matter  and  antimatter  systems.  The 
energy  generated  in  annihilation  processes  may  be  used  for  heating 
the  plasma  to  temperatures  where  nuclear  reaction  can  take  place. 

It  is  hardly  possible  or  necessary  at  the  present  time  to  specify 
in  detail  what  an  annihilation  region  may  look  like.  The  emphasis 
here  is  rather  to  investigate,  in  a  first  approximation,  the  conditions 
that  would  be  necessary  to  be  able  to  form  elements  out  of  hydrogen. 

The  following  general  assumptions  are  made: 

1)  There  exist  regions  of  matter-antimatter  of  such  a  low  material 
density  that  annihilation  processes  do  not  give  rise  to  explosion. 
This  implies,   in   general,   densities   of  the   order  of   10  L>;i  g/em:<   or 
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less.  At  such  densities  reactions  with  short-lived  material  can  be 
neglected.  That  means,  among  other  things,  that  neutrons  are 
of  no  importance  in  the  formation  of  the  elements.  Of  course, 
there  may  exist  regions  of  high  densities  where  annihilation 
processes  give  rise  to  explosion  phenomena.  It  is  not  excluded 
that  elements  are  synthesized  in  such  regions.  That  possibility 
is  not  considered  in  this  paper,  however. 

2)  The  energy  released  in  proton-antiproton  annihilation  reactions 
can  be  used  to  heat  the  plasma  to  a  very  high  temperature.  The 
electrons  emerging  as  final  products  in  the  annihilation  processes 
have  an  energy  spectrum  that  is  peaked  at  about  30  MeV.  We 
assume  that  the  energy  spectrum  of  the  protons  participating 
in  the  synthesizing  reactions  may  also  peak  around  this  value. 
We  also  assume  that  the  plasma  may  cool  rapidly. 

3)  The  plasma  may  be  contained  by  magnetic  fields.  The  upper  limit 
on  the  necessary  size  of  the  magnetic  field  is  given  by  the  condition 
that  the  field  energy  should  not  exceed  the  particle  energy  density 
K  or  H^/8tt<K.  With  a  proton  energy  of  30  MeV  and  a  particle 
density  of  one  per  cm3,  the  field  strength  H  is  about  0.04  gauss. 
This  value  is  not  unrealistically  large  if  restricted  to  small  regions 
of  space. 

4)  In  the  initial  phase,  only  hydrogen-antihydrogen  was  present.  Only 
the  production  of  heavier,  matter  particles  is  discussed:  not  anti- 
matter particles. 

Nuclear  Reactions  and  Their  Rates 

From  hydrogen,  there  are  basically  two  possibilities  for  forming 
deuterium  directly 

H  +  H  =  D  +  e+  +  "  [1] 

H  +  H  -  D  +  7T+  [2] 

The  first  of  these  reactions  is  supposed  to  play  an  important  role 
in  various  stars,  as  the  sun,  where  the  central  temperature  is  not  too 
high.  Reaction  [2]  is  generally  regarded  being  of  less  interest  as 
far  as  nucleosynthesis  is  concerned.  The  reason  is  that  protons  with 
energies  required  to  produce  pions  are  believed  to  be  rare  at  places 
where  nucleosynthesis  is  supposed  to  occur.  Under  the  general  con- 
ditions considered  in  this  paper,  reaction  [2]  is  the  only  one  that  is 
useful.  Reaction  [1]  is  excluded  because  the  reaction  rate  is  too 
slow  to  allow  any  appreciable  amount  of  deuterium  to  be  formed  in 
the  dilute  plasma  discussed  here. 

The  threshhold  for  reaction  [2]  is  about  70  MeV  in  the  center 
of  mass  system.  This  means  that  temperatures  of  the  order  of  10n 
—  1012°K  are  necessary  to  make  deuterium.  However,  it  is  only  this 
nucleus  that  requires  this  high  temperature.  The  formation  of  He3 
and  He4  can  proceed  through  low  energy  reactions  in  steps  resembling 
those  in  other  synthesizing  theories. 
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Thus,  He8  may  be  produced  in 

H  +  D  =  He3  +  y  [3] 

D  +  D  =  H  +  T  =  H  +  He3  +  e-i'  [4] 

D  +  D  =  n  +  He3  [5] 

While  He4  may  be  formed  in 

D  +  He3  -  H  +  He4  [6] 

He3  +  He3  =  2H  +  He4  [7] 

and  some  reactions  involving  Be7  and  Li.  These  are  not  considered 
to  be  of  importance  here.  In  general,  it  is  also  necessary  to  take  into 
account  reactions  such  as 

H  +  D  =  2H  +  n  [8] 

H  +  He3  -  D  +  2H  [9] 

H  +  He4 ■  =  D  +  2H  +  n  [10] 

and  others  in  which  high  energy  particles  split  heavier  elements  into 
lighter  ones.  These  reactions  are  of  less  importance  for  temperatures 
well  below  109  °K. 

It  is  also  possible  that  reactions  such  as 
H  +  D  =  He3  +  tt  ° 
D  +  D  =  He4  +  ir  ° 

can  play  an  active  role.  They  are  not  considered  in  this  discussion, 
however. 

The  number  of  reactions  per  unit  volume  per  second  produced  by 
two  nuclear  species  denoted  by  subscripts  i  and  j  is  given  by 

r  =  ni  iij    (1+   oij)-i<<TV>ij 

where  n,  and  nj  are  number  densities  of  species  i  and  j  respectively. 
5U  the  kronecker  delta  and  Ov>u  as  usual  stands  for 

<av>u   =    J    f(v  T)   o-(v)     v  dv 

f  (v  T)  is  the  Boltzman  distribution  function  for  one  nucleus  of  tempera- 
ture T,  v  their  relative  velocity  and  a  the  cross  section. 
<<rv>ij  can  also  be  written  as 

<<rv>i]   =  6.2  x  10-24  Ai/2  T.,3/2    I   a  E  exp   (-11.6E/T9)dE  [11] 

where  E,  the  energy,  is  expressed  in  MeV,  a  in  barns  and  T8  stands 
for  temperature  in  units  of  105>  °K.  A  is  the  reduced  mass  number 
=  A,A,/A,  +  A,). 

The  quantity  Ov>u  can  be  found  from  relation  [11]  when  the 
cross  section  is  known.  In  Figure  1,  <<rv>ij  is  given  as  a  function 
of  temperature  for  various  reactions  of  interest  here.  In  those  cases 
where  sufficient  experimental  data  is  available,  the  integral  in  relation 
[11]  has  been  explicitly  calculated.  In  other  cases,  approximate 
expressions  for  Ov>u  as  given  by  Wagoner,  Fowler  and  Hoyle  (4) 
have  been  used. 
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Figure    1.     The    curves    represent    the    values    of    the    reaction    rates    as    a    function    of 
temperature.    The  reaction  rates  <^0-  v^>ij  (c.f.  equation  [11])  were  calculated  from  tem- 
peratures of  O0K  to  1000  X  109  °K. 


In   describing   the    abundance    of   a    given   nucleus   it   is   convenient 
to  use  the  mass  fraction  denned  by  the  relation 


X(k) 


A, 


N 


where  Ak  is  the  mass  number  for  the  species  k  and  nk  is  the  number 
density.   N  is  the  Avogadros  number. 

The   rate    equation   for   the   formation    of   heliurn   out   of   hydrogen 
may  now  be  written  up.    The  equation  for  deuterium,  for  instance,  is 
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X2(H)    [H  H]  +  —  X(H)  X(He3)    [H  He3]   + 
3 


—  X(H)  X(He4)    [H  He^]-  X(H)  X(D)    [H  D]  -  X(H)   X(D)    [H  D] 

1  1  1 

—  X2(D)    [D  D]  _   —  X2(D)    [D  D]  -  —  X(D)  X(He3)    [D  He3] 
4                                      4                              He3        3  [12] 

where   the  different  terms  refer  to  reactions    [2,  9,   10,  8,  3,   4,  5  and 
6]  respectively.  The  expression  [ij]  stands  for  <<rv>u  p  N. 


10 


!0 


r» 


hi 
H 


Itf4 


10 


r$ 


400     X    I0*°K 


300     X    I0*°K 


200     X    I0*°K 


O 
I01    X 


UJ 

z> 

< 

DC 

UJ 
Q. 

UJ 


10 


YEARS 


Figure  2.  Helium  to  hydrogen  mass  ratio  as  a  function  of  time  for  three  different 
initial  temperatures:  4OOT9,  8OOT9  and  2OOT9  respectively  (Ta  =  109  °K).  The  dotted 
curve  shows  the  choice  of  the  temperature  variation:  a  short,  high  temperature  phase 
followed   by    a   long,    low    temperature   phase    (equal   to   3T9   in   all   three   cases).    He^/H  = 

X(Hei)/X(H). 
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Some  Results 

The  rate  equations,  i.e.  [12],  and  the  appropriate  equations  for 
H,  He3  and  He4  have  been  solved  numerically  for  various  temperatures. 
It  goes  without  saying  that  favorable  conditions  for  helium  formation 
should  involve  a  high  temperature  phase  of  the  plasma  when  deuterium 
is  formed,  followed  by  a  low  temperature  phase  when  helium  4  is 
allowed  to  be  synthesized  without  the  destructive  reactions  [9]  and 
[10]  present.  In  general  it  is  found  that  the  output  of  He4  is  in- 
creased if  this  temperature  variation  is  repeated  in  a  periodic  fashion. 
The  time  scale  involved  in  the  calculations  has  in  general  been  1010 
years. 
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Figure  3.  Helium  to  hydrogen  mass  ratio  (solid  curves)  as  a  function  of  time  for  a 
temperature  variation  as  shown  by  the  dotted  curve.  The  two  solid  curves  correspond 
to    initial    temperatures    of    bOOTg    and    300T»    respectively     (Ta    =    109    °K) .    He^/H    = 

X(He*)/X(H). 
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Figure  2  shows  the  result  from  a  special  choice  of  the  temperature 
variation;  a  short,  high  temperature  phase  is  followed  by  a  long,  low 
temperature  phase.  The  three  curves  correspond  to  three  different 
initial  temperatures. 


TIME 


Figure  4.  Helium  to  hydrogen  mass  ratio  (solid  curves)  as  a  function  of  time  for  a 
temperature  variation  as  shown  by  the  dotted  curve.  The  pattern  of  the  temperature 
variation  is  the  same  as  shown  in  Figure  3,  the  only  difference  being  that  the  low 
temperature  phase  is  stretched  here  a  factor  of  10.  The  three  solid  curves  correspond 
to  initial  temperatures  of  40OT9,   300T9  arid  200T9  respectively    (Tg  —   10s  °K).   He^/H  = 

X(He'0/X(H). 


Figure  3  gives  the  outcome  of  a  somewhat  more  interesting  case 
than  the  one  shown  in  Figure  2.  A  short,  high  temperature  phase  is 
followed  by  a  long,  low  temperature  phase.  This  pattern  is  then 
repeated    4    times,    which    is    approximately    the    optimum    number    for 
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the  time  scale  considered.  It  is  seen  that  a  certain  improvement  in 
the  helium  to  hydrogen  mass  ratio  is  obtained  compared  to  the 
non-periodic  burning  considered  in  Figure  2.  This  is  more  pronounced 
if  the  time  scale  for  the  low  temperature  period  is  prolonged  as  shown 
in  Figure  4. 

The  conclusion  from  this  preliminary  study  is  that  an  appreciable 
amount  of  He4  may  be  produced  in  low  density  plasma.  Further  in- 
vestigations are  necessary  to  perform  to  find  the  optimum  conditions. 
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ABSTRACTS 

The  Relationship  of  Ecuadorian  Quinoa  de  Castilla  and  Amaranthus 
caudatus  L.  M.  Patricia  Coons,  Botany  Department,  Indiana  Uni- 
versity,   Bloomington,    Indiana   47401. The   common    name    quinoa   de 

Castilla  has  been  applied  to  both  a  dark-seeded  amaranth  from  Ecuador 
and  a  pale-seeded  amaranth  from  Argentina.  The  Argentinian  plant, 
cultivated  for  its  edible  seeds,  has  been  included  within  the  Andean 
grain  species,  Amaranthus  caudatus  L.,  by  J.  D.  Sauer.  The  Ecuadorian 
plant,  which  is  used  medicinally  by  Indians,  also  resembles  this  species 
closely.  However,  the  two  are  not  identical.  The  most  conspicuous 
differences  are  in  seed  color,  and  there  are  some  differences  in  female 
flower  characters.  Hybrids  between  Ecuadorian  quinoa  de  Castilla  and 
A.  caudatus  have  been  obtained.  This  study  included  a  report  on  such 
hybrids,  a  morphological  comparison  of  A.  caudatus  with  Ecuadorian 
quinoa  de  Castilla,  and  a  discussion  of  their  relationships. 

NOTES 

Indiana  Plant  Distribution  Records,  XXI.  1969-70.  Jack  Humbles, 
Botany  Department,  Indiana  University,  Bloomington,  Indiana  47401. 
— — -Genera  are  listed  in  the  order  of  their  appearance  in  Deam's 
Flora  of  Indiana  (1);  species  within  each  genus  are  in  alphabetical 
order,  and  they  are  followed  by  the  name  of  the  county  in  which 
they  were  collected.  Nomenclature  is  in  accord  with  that  used  in 
Gray's  Manual  of  Botany,  8th  ed.,  1950(2),  unless  noted. 

The  specimens  were  collected  by  the  following  persons:  Greg 
Anderson,  Pat  Coons,  Lloyd  and  Adele  Beesley,  Raymond  Fleetwood, 
Jack  Humbles,  Gerald  Gastony,  C.  Eugene  Jones,  Dick  Neuwirth, 
Kathie  Peterson,  Helene  Stares,  Floyd  Swink,  Jim  Whitis,  and  Marjorie 
Wiggans.  Voucher  specimens  for  all  the  new  records  are  in  the 
herbarium  of  Indiana  University. 

The  records  include  six  plants  new  to  the  state:  a  fern  hybrid 
collected  by  Dr.  Gerald  Gastony,  Asplenium  pinnatifidum  x  trichomanes ; 
Cystopteris  tennesseensis  and  Dryopteris  celsa  collected  by  Deam  and 
recently  redetermined  by  Dr.  W.  H.  Wagner;  Najas  minor  collected 
by  Mrs.  Helene  Stares;  and  Epilobium  hirsutnm  and  Eragrostis  tri- 
chodes  collected  by  Dr.  Floyd  Swink. 

Taxonomic  Entities 

Osmunda  regalis  var.  spectabilis,  Martin.  Cystopteris  bulbifera, 
Martin.     Cystopteris    tennesseensis,    Gibson,    Jefferson,    Knox,    Monror 
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Owen  (Gleason  and  Cronquist,  Manual  of  Vascular  Plants  (3)). 
Dryopteris  celsa,  La  Porte.  Asplenium  pinnatifidum  x  trichomanes, 
Martin.  Lycopodium  complanatum  var.  flab  ell  if  or  me,  Jackson. 

Najas  plexitis,  Fulton.  N.  gracillima,  Jackson.  N.  guadalupensis, 
Harrison,  Jackson,  Kosciusko.  N.  minor,  Jackson.  Sagittaria  latifolia, 
Monroe.  Vallisneria  americana,  Monroe.  Eragrostis  trichodes,  Starke. 
Chloris  verticillata,  St.  Joseph.  Scirpus  lineatus,  Monroe.  Allium 
vineale,  Martin.  Triphora  triayithophora,  Monroe.  Corallorrhiza  odon- 
torhiza,  Franklin. 

Humulus  japonicus,  Monroe.  Asarum  canadense,  Martin.  Rumex 
altissima,  Lawrence.  R.  crispus,  Martin.  Amaranthus  hybridus,  Brown. 
A.  spinosus,  Brown.  Froelichia  gracilis,  Newton.  Holosteum  unbellatum, 
Greene,  Morgan,  Parke,  Pulaski.  Silene  antirrhina,  Washington.  Dian- 
thus  armeria,  Martin.  Anemone  canadensis,  Madison.  A.  quinquefolia 
var.  interior,  Pulaski.   Clematis  pitcheri,  Greene. 

Lepidium  campestre,  Orange.  L.  virginicum,  Orange.  Thalaspi 
arvense,  Pulaski.  Arabadopsis  thaliana,  Pulaski.  Descurainia  pinnata, 
Greene.  Brassica  hirta,  La  Porte.  Sisymb7'ium  altissimum,  Jackson. 
Hesperis  matronalis,  Monroe.  Fragaria  virginiana  var.  illinoensis, 
Martin.  Medicago  lupulina,  Martin.  Coronilla  varia,  Bartholomew, 
Brown,   Martin.    Euphorbia  dentata,   Rush.    E.   obtusata,  Greene. 

Viola  kitaibeliana,  Greene.  V.  papilionacea,  Cass.  Ammannia  coc- 
cinea,  Monroe.  Epilobimn  hirsutum,  La  Porte.  Oenothera  laciniata, 
Monroe.  Asclepias  hirtella,  Monroe.  Myosotis  scorpioides,  Owen.  Litho- 
spermum  arvense,  Greene.  L.  canescens,  Pulaski.  Verbena  simplex, 
Martin.  Lamium  purpureum,  Brown,  Cass.  Linaria  vulgaris,  Rush. 
Lindernia  dubia  var.  riparia,  Brown.  Houstonia  caerulea,  Greene. 
Lonicera  japonica,  Harrison.  Carduus  nutans,  Marion,  Morgan.  Cirsium 
arvense,  Bartholomew. 
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The  History  and  Current  Status  of  Solarium  caripense.  GREGORY  J. 
Anderson,    Department    of    Botany,    Indiana    University,    Bloomington, 

Indiana  47401. Solatium  caripense  H.  &  B.  ex  Dun.  is  a  geographically 

and  morphologically  wide  ranging  species  of  the  non-tuberous  sub- 
section Basarthrum  of  the  genus  Solanum.  It  is  primarily  because  of  its 
great  morphological  and  distributional  variance  that  the  species  is  of 
interest. 

Solanum  caripense  was  the  first  unknown  species  of  Solanum  to 
be    collected    by    Humboldt    and    Bonpland    on    their    expedition    to    the 
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New  World.  Their  collection  was  described  initially  by  Dunal  (5) 
in  1816,  and  two  years  later  in  more  detail  by  Kunth  (8).  In  1852, 
Dunal  (6)  enlarged  upon  his  description.  There  is  little  difference 
between  Dunal's  and  Kunth's  descriptions  except  for  an  interpretation 
of  the  leaf.  Examination  of  the  type  specimen  clarifies  the  discrepancy: 
most  leaves  are  simple,  but  there  is  at  least  one  which  is  obscurely 
ternate.  Interest  in  this  species  was  revived  in  1962  by  D.  S.  Correll's 
monograph  of  the  section  Tuberarium  of  Solanum  (4).  After  col- 
lecting material  at  the  type  locality,  H.  Briicher  (1)  questioned  Correll's 
interpretation.  He  redescribed  the  species  and  refuted  previous  inter- 
pretations (2,  3).  The  present  author's  studies,  along  with  evidence 
presented  by  Heiser  (7),  support  Correll's  treatment. 
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A  Systematic  Study  of  the  Oak  Fern1 
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Abstract 

The  oak  fern  has  been  placed  in  several  different  genera.  It  has  been  placed  in  the 
genus  Dryopteris;  however,  cytological  studies  do  not  support  this  interpretation.  Some 
have  considered  the  fern  as  a  member  of  the  genus  Thelypteris;  others  have  included 
it  in  Phegopterie  with  the  beech  ferns.  Currently,  most  fern  taxonomists  favor  the 
genus  Gymnocarpium  as  redefined  by  Ching. 

In  this  study  biochemical  comparisons  were  made  of  the  oak  fern  and  representatives 
of  genera  in  which  it  has  been  placed.  Paper  chromatographic  separations  of  free 
phenolic  compounds  and  cellulose-acetate  electrophoresis  patterns  of  oak  fern  extracts 
were  quite  distinctive.  Biochemical  evidences  indicate  a  separate  generic  classification 
for  the  oak  fern. 

The  oak  fern  (Fig.  1)  has  been  placed  in  many  different  genera.  This 
has  resulted  in  much  confusion  in  the  literature  and  in  field  guides. 
In  fact,  Manton  (5)  states  that  the  common  name  of  this  distinctive 
plant  is  more  uniformly  and  easily  recognized  than  the  various  Latin 
combinations. 

Some  authors  have  placed  this  fern  in  the  genus  Dryopteris 
primarily  on  the  basis  of  a  comparable  number  and  arrangement 
of  stipe  bundles  (3,  6).  Fee  included  the  beech  ferns  and  the  oak 
in  the  genus  Phegopteris  (6).  Newman  described  the  genus  Gymnocar- 
pium as  including  basically  the  same  ferns.  These  plants  have  in 
common  an  elongate  creeping  rhizome  and  exindusiate  sori  (6).  Slosson 
placed  the  beech  ferns  and  the  oak  ferns  in  the  cosmopolitan  genus 
Thelypteris  along  with  the  marsh  ferns  (11).  Recent  biochemical 
studies  have  indicated  differences  between  the  beech  and  the  marsh 
ferns  (7). 

In  1933,  Ching  proposed  that  the  oak  fern  be  placed  in  a  distinct 
genus  and  revived  the  name  Gymnocarpium  for  it  (2).  Morton  chose 
to  follow  this  combination  in  his  treatment  of  the  ferns  in  the  New 
Britton  and  Brown  Illustrated  Flora  (4). 

Early  studies  emphasizing  the  morphology  and  anatomy  of  the 
oak  fern  have  failed  to  clarify  its  relationship.  Cytological  studies 
have  shown  a  similarity  in  chromosome  size  to  the  beech  ferns; 
however,  the  number  differs.  A  base  number  of  80  was  found  in 
the  oak  fern.  The  broad  beech  fern  and  the  long  beech  fern  showed 
numbers  of  n  =  30  and  n  —  90  respectively  (1,  5). 

The  members  of  true  Dryopteris  consistently  showed  a  base  number 
of  41  chromosomes  (9,  10).  These  chromosomes  are  larger  than  those 
of  either  the  beech  or  the  oak  ferns. 


1  This  study  was  supported  in  part  by  a  grant  from  the  Indiana  Academy  of  Science. 
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Figure  1.     T/ie  oa/c  /ern. 

Figure  2.  One-dimensional  descending  chromatograms  showing  ninhydrin  positive 
compounds.  A.  Oak  fern,  B.  Phegopteris  polypodioides  Fee,  C.  Phegopteris  hexagonptera 
(Michx.)  Fee,  D.  Thelypteris  noveboracensis  (L.)  Nieuwl.,  E.  Thelypteris  palustris 
Schott,    F.     Dryopteris    marginalis     (L.)     Gray,    G.     Dryopteris    spinulosa     (Mull.)     Watt. 

FIGURE  3.  One-dimensional  descending  chromatograms  as  visualized  in  the  presence  of 
long  wave  ultra-violet  light.  A.  Oak  fern,  B.  Phegopteris  hexagonoptera  C.  Phegopteris 
polypodioides,  D.  Thelypteris  noveboracensis,  E.  Thelypteris  palustris,  F.  Dryopteris 
marginalis,     G.        Dryopteris      spinulosa.       (a=avocado,       b=blue,      g=green,      o— orange, 

v=violet,  y=yellow). 

FIGURE  4.  One-dimensional  descending  chromatograms  showing  compounds  seen  in 
the  presence  of  ultra-violet  light  and  ammonia  vapor.  A.  Oak  fern,  B.  Phegopteris 
hexagonoptera,  C.  Phegopteris  polypodioides,  D.  Thelypteris  noveboracensis,  E. 
Thelypteris  palustris,  F.  Dryopteris  marginalis,  G.  Dryopteris  spinulosa.  (a=avocado, 
b—blue,    br=brown,    g— green,   gr—grey,    o=orange,    t^turquoise,   v=violet,   y~yellow), 
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This  study  was  undertaken  in  an  attempt  to  clarify  the  status  of 
the  oak  fern  by  the  consideration  of  biochemical  characteristics.  Chro- 
matographs and  electrophoretographs  of  the  oak  fern  were  compared 
with  those  of  representatives  of  the  beech  ferns,  the  marsh  ferns,  and 
the  dryopteroids. 

Methods  and  Materials 

Extensive  collections  of  the  ferns  were  made  throughout  Indiana, 
Ohio,  and  Wisconsin.  Voucher  specimens  were  deposited  in  the  Ball 
State  University  Herbarium. 

Extracts  were  prepared  by  powdering  dried  fronds  and  soaking 
the  materials  in  methanol: water :hydrochloric  acid  (7.9  :  2  :  0.1)  for 
48  hours.  Some  comparisons  were  made  by  paper  chromatography. 
Fifty  ^1  of  each  sample  were  applied  to  Whatman  #1  paper  using 
the  spot  method.  The  chromatographs  were  run  descendingly  using 
butanol:   acetic  acid:  water  (12  :  3  :  5)  as  the  solvent. 

Dried  chromatograms  were  examined  in  the  presence  of  ultraviolet 
light.  The  chromatograms  were  sprayed  with  ninhydrin  for  the 
detection  of  free-amino  acids  and  related  substances,  and  alkaline  silver 
nitrate,  a  general  reagent  for  the  detection  of  phenolic  compounds  (8). 

Cellulose  acetate  electrophoresis  studies  were  made  using  a  Buchler 
migration  chamber  and  Buchler  cellulose  acetate  strips  measuring 
1  by  6  inches.  Ten  ^1  of  extract  were  applied  with  a  streaking  pipette 
at  the  center  of  each  strip  and  migrations  were  allowed  to  proceed 
for  1  hour.  The  electrophoretic  runs  were  conducted  at  200  v  and  5 
ma  in  a  double  veronal  buffer  salt  of  pH  8.6.  Electrophoretic  patterns 
were  observed  in  the  presence  of  long  wave  ultraviolet  light. 

Results 

Extracts  of  the  oak  fern  were  compared  chromatographically  and 
electrophoretically  with  those  of  Phegopteris  polypodioides,  Phegopteris 
hexagonoptera,  Thelypteris  noveboracensis,  Thelypteris  palustris,  Dryop- 
teris  marginalis,  and  Dryopteris  spinulosa. 

Chromatographs  examined  in  the  presence  of  long  wave  ultraviolet 
light  and  ultra  violet  light  in  combination  with  ammonia  vapor  re- 
vealed little  similarity  between  the  oak  fern  and  the  others  with  which 
it  has  been  grouped.  The  fluorescent  substances  were  indicated  by 
their  positive  reactions  with  alkaline  silver  nitrate  to  be  phenolic  in 
composition.  One  compound  with  a  rf  value  of  0.67  was  common  to 
all  species  (Figs.  3,  4).  Several  compounds  appeared  to  be  genus 
specific. 

Five  compounds,  rf  0.16,  0.32,  0.40,  0.80,  and  0.89  were  specific 
to  the  genus  Dryopteris  (Figs.  3,  4).  Compounds  with  rf  values  of 
0.14,  0.38,  0.48,  0.80,  and  0.89  were  characteristic  of  Thelypteris  (Figs. 
3,  4).  The  genus  Phegopteris  was  characterized  by  spots  with  rf  values 
of  0.35,  0.48,  and  0.91  (Figs.  3,  4). 
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A  few  species  specific  compounds  were  noted  in  all  ferns  con- 
sidered. 

Ten  compounds  were  detected  in  the  oak  fern.  None  were  shared 
with  other  genera  with  the  exception  of  rf  0.67  which  was  found  in 
all  samples. 
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Figure     5.      Cellulose     acetate     electrophoresis    patterns.     A.     Oak    fern,     B.     Phegopteris 

polypodioides,    C.    Phegopteris    hexagonoptera,    D.    Thelypteris    noveboracensis,    E.    Thelyp- 

teris    palustris,    F.    Dryopteris    marginalis,,    G.    Dryopteris    spinulosa    (a=avoeado,    b=blue 

bv— blue-violet,  g=green,  y— yellow). 
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Some  chromatography  were  sprayed  with  ninhydrin.  Little  could 
be  derived  concerning  relationships  as  most  ninhydrin  positive  com- 
pounds were  shared  by  all  ferns  or  were  species  specific  (Fig.  2). 

Cellulose  acetate  electrophoresis  membranes  were  observed  in  the 
presence  of  long  wave  ultraviolet  light.  All  constituents  migrated 
toward  the  positive  pole.  The  patterns  obtained  were  quite  distinctive 
within  each  genus. 

Dryopteris  marginalis  and  D.  spinulosa  shared  two  fluorescent 
bands.  Three  common  bands  were  noted  in  Thelypteris  noveboracensis 
and  T.  palustris.  The  genus  Phegopteris  was  characterized  by  two 
specific  bands.  Two  additional  species  specific  bands  were  seen  in  P. 
polypodioides  (Fig.  5). 

Distinctive  blue-violet  and  yellow  bands  were  seen  in  the  oak 
fern.  These  did  not  correspond  with  those  of  the  other  genera  (Fig.  5). 
No  attempt  was  made  to  determine  the  constituency  of  the  bands. 

Discussion  and  Summary 

The  results  of  this  study  indicate  the  desirability  of  the  separate 
generic  classification  of  the  oak  fern.  No  significant  affinities  were 
indicated  by  chromatographic  or  electrophoretic  patterns  with  repre- 
sentatives of  Dryopteris,  Thelypteris,  and  Phegopteris. 

Some  workers  have  suggested  a  single  genus  to  include  the  beech 
and  the  marsh  ferns.  This  study,  however,  provides  additional  evidence 
for  the  maintenance  of  Phegopteris  and  Thelypteris  as  separate  genera 

Many  problems  continue  to  exist  among  these  ferns.  Additional 
studies  involving  the  Roberts  fern,  Gymnocarpium  robertianum,  which 
is  strikingly  similar  to  the  oak  fern  and  studies  of  the  thelypteroids 
from  other  parts  of  the  world  must  be  undertaken  before  a  complete 
taxonomic  understanding  of  this  group  of  ferns  can  be  gained. 
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Abstract 

The  taxonomy  of  genus  Polygonum  is  confused  because  the  morphological  char- 
acteristics of  the  different  species  are  not  distinct.  This  study  examined  the  possibility 
of  using  paper  chromatography  as  a  means  of  distinguishing  the  various  species  and 
sections  of  the  genus.  The  chromatographic  patterns  for  free  amino  acids  and 
secondary  substances  of  the  various  species  were  compared.  Eight  different  species 
of  genus  Polygonum  belonging  to  three  different  sections  were  studied.  Five  of  these 
species  are  included  in  section  Polygonum:  P.  arenastrum,  P.  aviculare,  P.  erectum, 
P.  Fowleri,  and  P.  allocarpum.  Two  species  belong  to  section  Persicaria:  P.  orientale 
and  P.  pennsylvanicum;  and  one  species,  P.  tenue,  is  assigned  to  section  Duravia. 
The  chromatographic  patterns  for  the  free  amino  acids  were  similar  for  all  species 
studied  and  were  of  little  value  in  distinguishing  the  different  species.  The  chroma- 
tographic patterns  for  the  secondary  substances  were  of  taxonomic  value.  Each 
species  studied  had  a  distinct  chromatographic  pattern  for  secondary  substances  and 
some  similarities  were  noted  in  the  chromatograms  of  members  of  the  same  sec- 
tion. 

Earlier  studies  of  genus  Polygonum,  section  Polygonum,  done  in 
the  second  author's  laboratory  (5,  7),  employed  morphological  and 
cytological  data  as  a  means  of  clarifying  taxonomic  relationships  in 
this  group  of  plants.  In  the  present  study  various  species  of  Polygonum 
were  identified  on  the  basis  of  morphology  and  their  chromatographic 
characteristics  were  then  investigated.  Plants  employed  in  this  study 
included  herbarium  specimens  and  newly  collected  material  from  the 
Canadian  Atlantic  Provinces,  Nova  Scotia  and  New  Brunswick.  Eight 
species  belonging  to  three  different  sections  of  genus  Polygonum  were 
studied  chromatographically:  Five  species  are  included  in  section 
Polygonum:  P.  arenastrum,  P.  aviculare,  P.  erectum,  P.  Fowleri,  and 
P.  allocarpum.  Two  species  belong  to  section  Persicaria:  P.  orientale 
and  P.  pennsylvanicum;  and  one  species,  P.  tenue,  may  be  assigned  to 
section  Duravia. 

Morphological  characteristics  examined  in  making  identification  of 
Polygonum  species  included  leaf  size  and  shape;  and  achene  color, 
texture,  shape  and  size;  and  floral  characters  including  the  number 
of  stamens,  stigmas,  and  sepals.  From  previous  studies  of  section 
Polygonum,  the  most  useful  taxonomic  characteristics  were  achene 
and  perianth  characters  (4,  5,  7). 

Several  species  investigated  are  similar  to  each  other  on  the 
basis   of  morphological  characters.    For  example,  Polygonum  aviculare 


1  This    study    was    supported    by    grants    to    Dr.    Mertens    from    the    Indiana    Academy 
of  Science  and  the  Society  of  the  Sigma  Xi. 

422 


Plant  Taxonomy  423 

and  P.  arenastrum  are  considered  to  be  one  species  by  Fernald  (2) 
and  Gleason  (3),  although  more  recent  investigations  have  treated 
them  as  separate  species  (4,  8).  Styles  (8)  and  Mertens  and  Raven 
(4)  found  that  P.  aviculare  has  larger  achenes  with  a  shape  different 
from  those  of  P.  arenastrum.  The  same  investigators  report  that 
specimens  of  P.  aviculare  are  more  heterophyllous  than  specimens  of 
P.  arenastrum.  Collections  of  these  species  made  by  the  present  work- 
ers in  Nova  Scotia  and  New  Brunswick  and  housed  in  the  Ball  State 
University  Herbarium  generally  agree  with  the  published  descriptions 
of  Styles  (8)  and  Mertens  and  Raven  (4). 

Similarly,  on  the  basis  of  morphological  characters  Gleason  (3) 
and  Mertens  and  Raven  (4)  consider  Polygonum  Fowleri  and  P. 
allocarpum  to  be  synonymous.  In  this  study  specimens  of  P.  Fowleri 
collected  in  Canada  were  compared  to  specimens  of  P.  allocarpum 
and  P.  Fowleri  from  the  Butler  University  and  University  of  Wisconsin 
herbaria  and  were  found  to  have  similar  morphological  characters. 
The  most  noticeable  difference  between  these  two  species  is  a  differ- 
ence in  the  size  of  their  achenes.  The  achenes  of  P.  allocarpum  were 
slightly  larger  than  those  of  P.  Fowleri.  Bi-convex  achenes,  as  opposed 
to  trigonous  achenes,  occur  more  frequently  in  specimens  labeled  P. 
allocarpum. 

Polygonum  tenue  was  also  studied  because  there  is  a  lack  of  agree- 
ment as  to  the  section  of  genus  Polygonum  to  which  it  belongs.  On  the 
basis  of  pollen  structure  and  plant  morphology,  P.  tenue  was  included  in 
section  Duravia  by  Mertens  and  Raven  (4).  Fernald  (2)  and  Gleason 
(3),  however,  include  P.  tenue  in  section  Polygonum  (Avicularia).  We 
noted  that  the  leaves  of  P.  tenue  are  greatly  reduced  in  size  as  compared 
to  those  of  plants  in  section  Polygonum.  Polygonum  tenue  has  flowers 
aggregated  near  the  ends  of  the  branches  and  has  distinctive,  shiny, 
black  achenes.  The  numerous  specimens  investigated  were  collected 
in  Indiana  by  A.  D.  Savage  (7)  and  are  housed  in  the  Ball  State  Uni- 
versity Herbarium. 

Finally,  one  or  two  specimens  of  Polygonum  pennsylvanicum  and 
P.  orientale  from  the  Ball  State  Herbarium  were  studied  as  representa- 
tives of  section  Persicaria. 

Paper  chromatography  was  used  to  study  the  free  amino  acids  and 
secondary  substances  as  possible  taxonomic  characters  which  might 
be  used  to  distinguish  the  different  species  or  to  limit  the  different 
sections  of  genus  Polygoyium.  A  study  of  free  amino  acids  was  of 
benefit  in  determining  the  taxonomic  relationships  of  certain  members 
of  the  family  Iridaceae  (6).  In  similar  studies  among  Cassia  species 
paper  chromatography  of  free  amino  acids  and  secondary  substances 
was  also  used  as  a  criterion  for  classification  (1). 

The  free  amino  acids  referred  to  in  this  study  occur  freely  in 
the  cell  and  are  not  a  part  of  the  protein  structure  of  the  cell.  The 
secondary  substances  include  phenolic  compounds  such  as  alkaloids, 
terpenoids,  and  polyphenols    (1).    Chromatographic  characteristics  were 
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correlated   with    the    morphological    characters    to    interpret   taxonomic 
relationships. 

Materials  and  Methods 

Plant  extracts  that  were  to  be  compared  by  paper  chromatography 
were  prepared  from  freshly  collected  plant  material  and  from  older 
herbarium  specimens.  A  mixture  of  0.5  g  of  plant  material  consisting 
of  equal  amounts  of  stems  and  leaves  was  mascerated  in  a  mortar. 
The  ground-up  material  was  transferred  to  a  vial  containing  4  ml 
of  absolute  methanol.  A  drop  of  1  N  hydrochloric  acid  was  added 
to  the  vial  and  it  was  corked  and  allowed  to  stand  at  room  temperature 
for  24  hours  before  it  was  used  in  streaking  the  chromatography 
paper. 

Chromatograms  were  run  using  large  (46  x  57  cm)  sheets  of  What- 
man No.  1  chromatography  paper.  All  chromatograms  were  one  di- 
mensional and  developed  by  the  descending  method.  The  extracts 
were  applied  to  the  paper  with  a  5  /x\  pipette  in  0.5  inch  streaks  which 
were  2.5  inches  from  the  top  of  the  paper.  Twenty-five  separate 
applications  were  applied  to  the  paper  for  most  species. 

The  chromatograms  were  developed  for  24  hours  in  a  solvent 
consisting  of  12  parts  n-butyl  alcohol,  3  parts  glacial  acetic  acid,  and 
5  parts  distilled  water,  then  air  dried. 

Those  chromatograms  in  which  free  amino  acids  were  to  be  de- 
tected were  sprayed  with  a  solution  of  ninhydrin  prepared  by  dissolving 
3  g  of  ninhydrin  in  100  ml  of  n-butyl  alcohol  and  3  ml  of  glacial 
acetic  acid.  After  spraying  with  ninhydrin,  the  chromatograms  were 
air  dried  for  12  hours  before  observations  were  made  and  recorded. 

In  detecting  secondary  substances,  chromatograms  were  viewed 
under  long  wave  ultraviolet  light  in  the  presence  of  ammonia  vapors 
which  intensified  the  colors.  The  colors  of  the  different  bands  were 
recorded  and  their  Rf  values  were  determined. 

Chromatographic  data  reported  in  this  paper  were  obtained  from 
the  following  collections: 

Polygonum    allocarpum.    Washington    Co.,    Maine.    C.    H.    Knowlton,    August    3,    1936. 

Butler  University  Herbarium. 
Polygonum    arenaatrum.    Little    Narrows — Iona,    Victoria    Co.,    Nova    Scotia.     D.    M. 

Jones  LN2,  August  18,  1969.  Ball  State  University  Herbarium. 
Polygonum    avicularc.    Great    Bras    d'Or,    Frankaleen    Beach,    Cape    Breton    Co.,    Nova 

Scotia.    D.    M.    Jones   NSJ21,    August   17,    1969.    Ball    State   University    Herbarium. 
Polygonum  erectum.  Porter  Co.,  Indiana.  A.  D.  Savage  58-30,  August  29,  1966. 

Ball  State  University  Herbarium. 
Polygonum     Fowler  i.     Murphy's     Cove,     Halifax     Co.,     Nova     Scotia.      D.     M.      Jones 

MCS3,  August  21,  1969.  Ball  State  University  Herbarium. 
Polygonum    Fowleri.    Ship    Harbour,    Halifax    Co.,    Nova    Scotia.    D.    M.    Jones    MC4, 

August  20,  1969.  Ball  State  University  Herbarium. 
Polygonum    Fowleri.    Deer    Island,    Charlotte    Co.,    New    Brunswick.     T.     R.    Mertens 

NB36,  August  19,  1968.  Ball  State  University  Herbarium. 
Polygonum  Fowleri.  Deer  Island,  Charlotte  Co.,  New  Brunswick.  T.  R.  Mertens  NB38, 

August  19,  1968.  Ball  State  University  Herbarium. 
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Polygonum    Fowleri.    Riviere    Du    Loup,    Quebec.    J.    F.    Collins    and    M.    L.    Fernald 

198.    August    31,    1904.    University    of    Wisconsin     (Madison)     Herbarium. 
Polygonum    orientate.    Delaware    Co.,    Indiana.    N.    H.    Woodruff,    July    17,    1941.    Ball 

State  University  Herbarium. 
Polygonum     pennsylvanicum.     Delaware     Co.,     Indiana.     Ethel     B.     Finster,     August 

19,  1924.  Ball  State  University  Herbarium. 
Polygonum    tenue.     Fulton    Co.,    Indiana.     A.    D.    Savage    50-1,    August   20,    1966.     Bal 

State  University  Herbarium. 

Data  and  Discussion 

The  chromatograms  that  were  sprayed  with  ninhydrin  to  re- 
veal free  amino  acids  had  very  similar  patterns  (Fig-.  1).  With 
the  exception  of  Polygonum  erectum  which  had  10  bands,  the  chro- 
matograms  of  species  of  section  Polygonum  had  9  bands  (Table 
1).    Great  difficulty  was  encountered  in  obtaining  readable  results  from 
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Figure  1.  A  chromatogram  of  the  free  amino  acids  of  plants  of  sections  Polygonum 
and  Duravia.  The  species  of  section  Polygonum  included  were  P.  arenastrum,  P. 
aviculare,  P.  Fowleri,  and  P.  erectum.  One  species  from  section  Duravia,  P.  tenue, 
teas  chromato graphed.  Letters  refer  to  bands  of  distinctive  color,  as  follows:  P  — 
purple;  PK—pink;  PY—pale  yellow. 
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extracts  of  P.  tenue.  In  all  other  species  25  separate  applications 
of  extract  to  the  paper  gave  readable  results,  but  40  separate  appli- 
cations were  necessary  to  obtain  readable  chromatograms  for  P. 
tenue.  Within  section  Persicaria,  chromatograms  of  Polygonum  pennsyl- 
vanicum had  ten  principal  bands  and  those  of  P.  orientale  had  nine 
bands. 

Most  of  the  bands  were  purple  when  sprayed  with  ninhydrin 
but  a  distinct  pale  yellow  band  was  present  about  midway  down  the 
paper  for  all  species  studied.  Plants  that  are  members  of  section 
Polygonum  had  a  narrow  pink  band  near  the  top  of  the  paper.  Figure 
1  demonstrates  that  the  chromatogram  of  a  P.  tenue  plant  lacks 
this  pink  band.  Polygonum  tenue  is  considered  to  be  more  closely 
allied  to  section  Duravia  by  some  authors  (4),  and  the  chromatographic 
data  (Table  1)  suggest  that  P.  tenue  differs  considerably  from  species 
in  section  Polygonum. 

Polygonum  orientale  and  P.  pennsylvanicum  of  section  Persicaria 
produced  chromatograms  that  were  similar,  but  chromatograms  of 
P.  pennsylvanicum  had  one  more  pale  yellow  band  than  did  those 
of  P.  orientale.  Neither  species  had  the  narrow  pink  band  found  near 
the  top  of  the  chromatograms  of  members  of  section  Polygonum. 

The  Rf  values  of  the  free  amino  acids  for  the  different  species 
of  Polygonum  appear  similar,  with  the  exception  of  the  narrow  pink 
band  found  only  in  species  of  section  Polygonum  (Table  1).  It  has  not 
been  established  whether  this  narrow  pink  band  is  a  distinct  char- 
acteristic for  all  species  of  section  Polygonum.  A  distinct  pale  yellow 
band  with  an  Rf  value  of  ca.  0.60  was  noted  for  the  2  species  in 
section  Persicaria,  but  was  not  found  in  the  chromatograms  of  mem- 
bers of  sections  Polygonum  and  Duravia.  It  has  not  been  determined 
whether  the  presence  of  this  additional  pale  yellow  band  is  characteristic 
of  all  species  of  section  Persicaria. 

In  analyzing  the  chromatograms  for  the  secondary  substances 
distinct  variations  were  noted  in  the  chromatographic  patterns  for 
the  different  species  (Table  2).  A  wide  yellow  band  (Rf  =  0.60  to  0.70) 
was  located  at  a  somewhat  similar  position  in  all  members  of  section 
Polygonum,  but  this  band  was  also  present  in  Polygonum  'pennsylvani- 
cum, of  section  Persicaria.  A  distinct  narrow  bluish-white  band 
(Rf  =  0.55  to  0.63)  occurred  in  P.  arenastrum,  P.  aviculare,  and  P. 
erectum.  This  band  also  occurred  at  approximately  the  same  place 
in  P.  pennsylvanicum.  A  dark  blue  band  (Rf  =  0.51  to  0.59)  which 
was  located  immediately  above  the  bluish-white  band  also  occurred 
in  P.  arenastrum,  P.  aviculare,  and  P.  erectum.  Thus,  there  are  some 
chromatographic  similarities  among  members  of  the  same  section,  but 
no  definite  pattern  could  be  recognized  for  distinguishing  these  three 
sections  of  genus  Polygonum  on  the  basis  of  secondary  compounds. 

In  comparing  the  chromatographic  patterns  of  secondary  sub- 
stances for  the  different  species,  several  bands  were  found  at  similar 
locations    for    Polygonum    aviculare,    P.    arenastrum,    and    P.    erectum. 
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Previous  morphological  and  cytological  studies  indicate  that  Polygonum 
aviculare  and  P.  arenastrum  are  closely  related  (8).  The  chromato- 
graphic patterns  for  these  two  species  support  this  fact,  yet  each 
had  certain  bands  that  were  not  present  in  the  other.  This  would 
support  Style's  (8)  conclusion  that  they  are  separate  species.  The 
similarities  of  the  chromatographic  patterns  of  P.  erectum,  P.  aviculare, 
and  P.  arenastrum  may  indicate  that  P.  erectum  is  more  closely  re- 
lated to  the  other  two  species  than  previously  thought. 

Freshly  collected  plants  tentatively  identified  as  Polygonum  Fowleri 
were  compared  with  herbarium  specimens  of  P.  Fowleri  by  chromato- 
graphing  their  secondary  substances.  The  chromatographic  patterns 
were  nearly  identical  in  color  and  Rf  values  for  all  specimens  identi- 
fied as  P.  Fowleri,  even  though  they  were  collected  at  different  times 
and  from  different  areas.  Since  P.  Fowleri  and  P.  allocarpum  are 
thought  to  be  synonymous,  chromatograms  were  run  to  compare 
these  two  species.  The  chromatographic  patterns  of  specimens  identi- 
fied as  P.  Fowleri  and  P.  allocarpum  were  distinctly  different  (Table 
2).  This  difference  supports  the  conclusion  that  P.  Fowleri  and  P. 
allocarpum  are  distinct  species. 

The  species  examined  in  this  study  had  no  distinct  differences 
in  the  chromatographic  patterns  of  their  amino  acids.  Chromatographic 
patterns  for  secondary  substances  seem  to  be  distinct  for  each  species. 
Certain  species  did  show  some  similarities  which  may  indicate  that 
they  have  a  close  phylogenetic  relationship. 

One  factor  that  has  not  been  thoroughly  explored  in  this  study 
or  in  studies  cited  in  this  investigation  is  the  environmental  effect 
on  the  type  of  secondary  substances  that  are  produced  by  the  plant. 
The  effect  of  certain  chemicals  in  the  soil  on  the  formation  of  sec- 
ondary substances  has  not  been  established.  If  the  formation  of 
these  substances  is  influenced  by  soil  conditions,  the  chromatographic 
pattern  for  a  particular  species  would  be  altered.  If  the  latter  is 
true,  this  procedure  would  be  of  limited  value  as  a  taxonomic  tool. 

Summary 

Chromatographic  patterns  of  secondary  substances  described  in 
this  investigation  appear  to  be  of  taxonomic  value.  Each  species 
of  Polygonum  studied  has  a  distinct  chromatographic  pattern  for  its 
secondary  substances. 

The  chromatographic  patterns  of  the  secondary  substances  of 
P.  arenastrum  and  P.  aviculare  are  quite  similar  and  tend  to  support 
the  conclusion  that  these  species  are  closely  related.  However,  the 
chromatograms  were  not  identical  to  each  other  and  this  fact,  when 
considered  with  their  morphological  and  cytological  differences,  sup- 
ports the  observation  that  they  are  separate  species. 

Based  on  the  similarity  of  the  chromatographic  patterns  of  their 
secondary  substances,  P.  erectum  appears  to  be  closely  related  to  P. 
aviculare  and  P.   arenastrum.    Because  of  apparent  differences  in  the 
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chromatographic  patterns  of  their  secondary  substances,  P.  Fowleri 
and  P.  allocarpum  would  appear  to  be  separate  species.  However, 
morphological  differences  between  P.  Fowleri  and  P.  allocarpum  are 
not  distinct;  therefore,  the  taxonomic  relationship  of  these  species 
is  not  clear.  The  chromatograms  of  the  secondary  substances  do 
not  appear  to  be  affected  by  the  age  of  the  plant  material  used  in 
the  preparation  of  the  extract. 

The  chromatographic  procedure  used  in  this  investigation  for  the 
study  of  free  amino  acids  appears  to  be  of  little  taxonomic  value  in 
separating  the  different  species  of  genus  Polygonum.  The  various 
species  of  this  genus  showed  very  few  differences  in  chromatographic 
patterns  with  respect  to  free  amino  acids. 
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A  Biosystematic  Study  of  the  Narrow-leaved 
Spleen  wort,  Athyrium  pycnocarpon1 
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Abstract 

The  systematic  position  of  the  narrow-leaved  spleenwort  has  been  in  question  due 
to  various  interpretations  of  morphological  data.  Some  workers  have  placed  it  in 
either  the  genus  Asplenium  or  the  genus  Athyrium  on  the  basis  of  spore  and  soral 
characteristics.  Gross  form  of  the  pinnae  differs  from  that  characteristic  of  either 
of   these   genera.     This   difference   has   led   some   workers   to   suggest  a   separate  genus. 

In  this  study  paper  chromatography  and  cellulose-acetate  electrophoresis  were  used 
to  investigate  the  secondary  constituents  of  the  narrow-leaved  spleenwort.  Profiles 
were  compared  with  those  of  Athyrium  thelypteroides  and  Asplenium  platyneuron. 
Results  indicate  a  close  affinity  between  the  narrow-leaved  spleenwort  and  Athyrium 
thelypteroides. 

Until  recently,  fern  taxonomy  has  been  based  largely  on  morpho- 
logical criteria.  Because  of  various  interpretations  of  these  observa- 
tions, the  systematic  position  of  the  narrow-leaved  spleenwort  has 
been  in  question.  Some  workers  have  placed  it  in  either  the  genus 
Asplenium  or  the  genus  Athyrium,  primarily  on  the  basis  of  spore 
and  soral  characteristics  (4,  7,  8,  11,  12,  13).  Gross  form  of  the  pinnae 
differs  from  that  of  Asplenium  and  Athyrium.  This  difference  led 
Sprengel  to  place  the  narrow-leaf  spleenwort  in  a  separate  monotypic 
genus  Homalosorus  (8).  Karyologically  the  narrow-leaf  spleenwort 
resembles  Athyrium  (12).  Ferns  of  the  genus  Athyrium  have  a  chromo- 
some number  of  n  =  40;  whereas,  members  of  the  Asplenium  complex 
have  a  base  number  of  n  —  36  (7,  11). 

In  this  preliminary  study  one-dimensional  paper  chromotography 
and  cellulose  acetate  electrophoresis  were  used  to  investigate  the 
secondary  constituents  of  the  narrow-leaved  spleenwort.  Profiles  were 
compared  with  those  of  Athyrium  thelypteroides  and  Asplenium  platy- 
neuron which  were  accepted  as  valid  representatives  of  their  respective 
genera.  Biochemical  information  may  help  clarify  relationships  among 
these  ferns. 

Methods  and  Materials 

Extensive  collections  of  the  three  species  were  made  in  Indiana, 
North  Carolina,  and  Tennessee.  Voucher  specimens  were  deposited 
in  the  Ball  State  University  Herbarium.  Morphological  characteristics 
including  the  shape,  orientation,  and  attachment  of  the  sori  were  ex- 
amined. Photographs  were  made  to  record  distinguishing  characteristics 
(Figs.  1,  2,  3). 


1  The  authors  acknowledge  the  National  Science  Foundation  for  making  this  study 
possible.  Thanks  are  extended  to  Dr.  Jeanette  C.  Oliver  for  her  assistance  in  this 
investigation. 
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Figures    1-3.      Photographs    of    herbarium    specimens.     1)     Asplenium    platyneuron     (L.) 
Oakes,    ebony    spleenwort;    2)     Athyrium    thelypteroides     (Michx.)     Desv.,    silvery    spleen- 
wort;    S)    Athyrium    pycnocarpon     (Spreng.)     Tidest.,    narrow-leaved    spleenwort. 
Figure  4.     Ninhydrin    positive    substances    separated    by    one-dimensional    paper    chroma- 
tography.    A.     Athyrium     thelypteroides,     B.     Athyrium     pycnocarpon,     C.      Asplenium 

platyneuron. 
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Frond  extracts  were  prepared  from  randomly  selected  materials. 
Extracts  were  prepared  by  soaking  powdered  fronds  in  methanol  (99%) 
and  1  drop  of  concentrated  hydrochloric  acid  for  24  hours  (1,  6,  9). 
The  extract  was  prepared  in  the  same  manner  for  chromatographic 
and  electrophoretic  runs. 

Fifty  fil  of  each  sample  were  applied  to  Whatman  #1  paper 
using  the  spot  technique.  These  were  developed  as  one-dimensional 
descending  chromatograms  using  butanol  :  acetic  acid  :  water  (12  : 
3  :  5  v/v)  as  the  solvent  (3,  6). 

Dried  chromatograms  were  visualized  in  the  presence  of  long 
wave  ultraviolet  light  and  subsequently  sprayed  with  ninhydrin.  These 
techniques  were  intended  to  reveal  phenolics  and  free  amino  acids, 
respectively  (1,  3?  5,  6,  10). 

Cellulose-acetate  strips  were  streaked  with  5  fA  of  extract.  The 
sample  was  applied  at  the  anode  and  the  secondary  constituent 
migrated  toward  the  cathode.  Electrophoretic  runs  were  made  in  a 
double  veronal  buffer  salt  of  pH  8.6.  All  runs  were  conducted  at  200 
v  and  5  ma.  At  the  end  of  each  run  the  strips  were  air  dried.  These 
were  examined  under  ultraviolet  light  and  photographed  for  a  perma- 
nent record. 

Observations 

The  use  of  ninhydrin  positive  compounds  in  taxonomic  studies  has 
a  valid  and  valuable  role  as  evidenced  by  the  work  of  Alston  and  Irwin 
and  others  (1,  2,  5,  10).  The  free  amino  acids  identified  on  chromato- 
grams of  the  ferns  under  consideration  have  been  examined  and 
reproduced  in  Figure  4.  Patterns  A  and  B  (Athyrium  thelypteroides  and 
A.  pycnocarpon,  respectively)  bear  a  striking  identity  as  to  number 
and  location  of  separated  free  amino  acids.  When  compared  with 
Pattern  C  (Asplenium  platyneuron)  the  degree  of  coincidence  of  spots 
is  small.   Five  of  the  free  amino  acids  were  common  to  both  genera. 

Examination  of  chromatograms  in  the  presence  of  ultraviolet  light 
provided  the  fluorescence  patterns  reproduced  in  Figure  5.  Analysis 
of  the  ultraviolet  patterns  points  to  a  high  degree  of  identity  of 
secondary  constituents  in  Athyrium  thelypteroides  and  the  narrow- 
leaved  spleenwort.  The  compounds  of  Asplenium  platyneuron  were 
quite  dissimilar.  These  patterns  were  duplicated  in  12  trials. 

Cellulose-acetate  electrophoresis  patterns  of  Athyrium  thelypteroides 
and  the  narrow-leaved  spleenwort  were  alike  except  the  band  nearest 
the  cathode  was  blue  in  the  former  and  yellow  in  the  latter.  The 
pattern  obtained  from  Asplenium  platyneuron  extract  was  entirely 
different  (Fig.  6).  The  patterns  were  repeated  without  variation  in 
four  successive  trials. 

Summary 

On  the  basis  of  the  biochemical  evidence  presented  in  this  work, 
it  appears   that  the  narrow-leaved   spleenwort  is  more  closely  related 
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Figure    5.      Fluorescent    compounds    separated    by    paper    chromatography.    A.    Athyrium 
thelypteroides,  B.  Athyiium  pyenocarpon,  C.  Asplenium  platyneuron. 

Figure  6.  Cellulose  acetate  electrophoresis  membranes  photographed  in  the  pres- 
ence   of    ultra-violet    light.    A.    Athyrium    thelypteroides,    B.    Athyiium    pyenocarpon,    C. 

Asplenium  platyneuron. 

to  Athyrium  thelypteroides  than  to  Asplenium  platyneuron.  Additional 
studies  of  a  similar  nature  involving-  other  species  of  Athyrium  and 
Asplenium  must  be  done  in  order  to  completely  solve  the  generic 
problem. 
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ABSTRACTS 

Use  of  Apollo  Botanical  Studies  and  Telephone  Interviews  as  Supple- 
ments to  a  High  School  Science  Program.  Larry  R.  Yoder  and  Paul 
G.  Mahlberg,  Botany  Department,  Indiana  University,  Bloomington, 
Indiana  47401,  and  Richard  Hartung,  Leo  High  School,  Leo,  Indiana. 
— — A  series  of  35  millimeter  color  slides  and  a  taped  narration  were 
prepared  covering  the  biological  work  done  at  Indiana  University 
in  support  of  the  Apollo  lunar  program.  The  hour-length  presentation 
describes  and  illustrates  the  histological  preparation  and  analysis  of 
plants  grown  on  lunar  soil  as  a  part  of  the  Apollo  XI  and  XII  quaran- 
tine studies,  and  it  includes  interviews  with  university  students  and 
researchers  who  assisted  in  the  project.  This  program  was  used  by 
science  classes  at  Leo  High  School  and  was  followed  by  a  live  tele- 
phone discussion  between  students  and  the  research  team.  Students 
expressed  a  greater  appreciation  and  understanding  of  the  work  in- 
volved in  research,  with  the  greatest  interest  being  shown  among 
senior-level  students.  It  is  suggested  that  the  telephone  interview  can 
serve  as  an  effective  supplement  to  class  work  since  it  brings  students 
and  authorities  into  direct  communication  with  one  another. 

A  Comparison  of  BSCS  Versus  Traditional  Material  and  Inquiry  Versus 
Traditional  Teaching  Methods  by  Testing  Student  Achievement  and 
Retention  of  Biology  Concepts.  Jerry  Montgomery,  Department  of 
Biology,  Marietta  College,  Marietta,  Ohio,  and  F.  Leon  Bernhardt, 
Department  of  Biology,  Ball   State   University,  Muncie,  Indiana  47306. 

The  long-term  effect  of  BSCS  versus  traditional  texts  and  inquiry 

teaching  versus  traditional  teaching  was  examined.  Twelve  students 
for  each  of  28  teachers  were  pre-tested,  post-tested,  and  retention 
tested  during  the  first,  ninth,  and  twelfth  month  after  they  entered 
a  biology  class.  The  testing  instruments  were  the  Nelson  Biology 
Test  and  the  Process  of  Science  Test.  It  was  determined  that:  1)  BSCS 
material  generally  improves  the  retention  of  biological  knowledge; 
2)  The  use  of  inquiry  with  traditional  materials  is  at  least  as  effective 
as  the  traditional  approach  with  those  materials;  and  3)  The  inquiry 
teaching  method  coupled  with  the  BSCS  materials  apparently  results 
in  the  greatest  post-test  achievement. 

The  Paraprofessional  Program.  J.  Burgess  and  F.  Leon  Bernhardt, 
Department  of  Biology,  Ball  State  University,  Muncie,  Indiana  47306. 
The  paraprofessional  program  was  designed  for  Ball  State  Uni- 
versity sophomores  who  plan  to  become  science  teachers.  They  were 
placed   in   a   junior   or   senior   high   school   under   the    supervision   of   a 
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science  teacher.  Here  they  were  exposed  to  as  many  problems  of 
teaching  as  the  supervising-  teacher  can  innovate.  They  spent  half 
or  full  days  in  the  school  for  one  quarter  (approximately  11  weeks). 
The  participants  received  up  to  12  hours  credit. 

The  program  was  evaluated  with  pre-tests  and  post-tests  by  using 
the  Tennessee  Self-Concept  Scale,  Concept  Differential,  and  Minnesota 
Teachers  Aptitude  Inventory.  Also  principal,  teacher,  and  participant 
evaluations  were  recorded. 

The  program  continued  through  the  winter  quarter  1970.  The 
concensus  of  opinion  of  administration,  teachers,  and  participants  is 
that  the  program  was  successful. 

Factors  Predicting  Seventh  Grade  Students'  Interest  for  and  Achieve- 
ment  in    Science.    F.   Leon    Bernhardt,   Department   of   Biology,   Ball 

State    University,    Muncie,    Indiana    47306. In    this    study    the    value 

of  intelligence  quotient,  reading  comprehension  and  mathematics  as 
predictors  of  science  achievement  were  measured.  These  three  factors 
were  selected  because  most  schools  regularly  collect  this  information, 
and  if  the  factors  have  predictive  value,  schools  can  very  easily 
collect  and  use  it  for  remedial  purposes.  Remedial  work  could  help 
to  reduce  student  failure  in  science  courses.  A  stratified  cluster  sample 
of  163  seventh  grade  pupils  was  tested  in  5  Indiana  schools.  The  data 
collected  concerning  each  student  was:  intelligence  quotient,  reading 
comprehension,  mathematics  achievement,  sex,  6-weeks  science  grades, 
semester  science  grades,  science  interest  pre-test  and  post-test,  and 
science  achievement  pre-test  and  post-test.  Data  concerning  schools 
and  teachers  were  also  collected  and  examined  to  insure  a  representative 
sample.  Reading  comprehension  had  the  highest  positive  correlation 
with  science  achievement  and  pre-science  interest  was  second.  Post- 
science  interest  was  not  correlated  with  post-science  achievement.  The 
intelligence  quotient  was  positively  correlated  to  science  achievement 
but  was  the  least  significant  of  the  three  factors  tested. 

Effect  of  Remedial  Reading  on  Student  Achievement  in  Science — A  Pilot 
Study.  F.  Leon  Bernhardt,  Department  of  Biology,  Ball  State  Uni- 
versity,  Muncie,    Indiana   47306. The   purpose    of   this   study  was   to 

determine  if  there  is  a  significant  difference  in  the  achievement  of 
students  who  have  had  remedial  reading  before  taking  science.  The 
poorest  readers  in  a  fifth  grade  class  were  identified  and  separated 
into  equated  groups.  One  group  was  given  remedial  reading  and  the 
other  served  as  a  control.  Twelve  students  were  involved  in  this  pilot 
study.  They  were  given  a  pre-test  and  a  post-test  in  science. 

If  improvement  in  reading  will  produce  improvement  in  science 
achievement,  this  technique  will  help  prevent  failures  in  science  classes. 


Effect  of  Instructional  Technique  Employing 
Wert  Dialysis  Box  on  Biology  Student  Achievement 

W.  G.  Wert 

Department  of  Life  Sciences 

Indiana  State  University,  Terre  Haute,  Indiana  47809 

and 

C.  E.  Kline 

Department  of  Education 
Purdue  University,  Lafayette,  Indiana  47907 

Abstract 

A  comparison  was  made  between  student  achievement  in  biology  classes  employing 
a  conventional  lecture  method  as  opposed  to  those  using  the  Wert  Dialysis  Box  and 
a  single  concept  film  of  the  same  device  through  a  demonstration-discussion  method. 
An  experiment  was  conducted  with  120  junior  high  school  students  using  3  control  and 
3  experimental  ability  groups.  Pre  and  post-achievement  tests  which  included  six 
concepts  and  dialysis  terminology  were  administered  to  each  group. 

Learning  and  retention  were  significantly  improved  in  students  of  average  ability 
by  the  demonstration-discussion  method  in  conjunction  with  the  Wert  Dialysis  Box 
and  the  use  of  the  concept  film.  In  all  other  instances  improvement  was  noted  but 
it  was  not  of  significance. 

Introduction 

It  was  hypothesized  that  biology  students  would  achieve  more 
by  the  demonstration-discussion  method  in  conjunction  with  the  use 
of  a  single  concept  movie  and  using  the  Wert  Dialysis  Box,  than  by 
the  conventional  lecture  method  alone.  An  experiment  was  conducted 
regarding  the  effectiveness  of  biology  teaching  by  these  two  methods 
of  instruction.  In  each  instance,  two  comparable  groups  of  classes 
were  taught  the  principles  of  intercellular  movement.  The  control 
groups  were  taught  by  lecture  of  the  conventional  classroom  technique. 
The  experimental  groups  were  instructed  via  demonstration-discussion 
by  using  the  Wert  Dialysis  diffusion  box  and  a  single  concept  movie, 
both  of  which  were  developed  by  one  of  the  writers  (3).  The  partici- 
pating students  were  enrolled  in  six  junior  high  school  biology  classes. 
Groups  I  and  II  (both  BSCS  biology  classes  composed  of  high  ability- 
grouped  students)  were  designated  as  control  and  experimental  groups, 
respectively.  Groups  III  and  IV  were  average  ability  biology  classes 
from  the  same  school.  Determination  of  ability  was  made  by  partici- 
pating schools  on  the  basis  of  past  student  achievement;  only  Groups 
I  and  II  used  BSCS  material.  Groups  V  and  VI  were  from  another 
school  in  which  the  classes  were  heterogeneously  grouped. 

Methodology 

The  Wert  Dialysis  Box  used  with  the  experimental  groups  is 
a  glass-lined  box  1.75  inches  wide  by  7.5  inches  long  by  3.25  inches 
high.  The  box  holds  five  inflated  dialysis  bags  in  a  series  which 
simulate  cells  of  a  plant  or  an  animal  body.  The  bags  are  filled 
with  various  diff usable  substances  to  show  diffusion   (Fig.  1).    The  first 
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dialysis  bag  was  filled  with  a  0.25  N  solution  of  ammonium  hydroxide; 
the  three  middle  bags  contained  anthoeyanin  extracted  from  purple 
cabbage;  the  fifth  dialysis  bag  held  a  0.25  N  concentration  of  hydro- 
chloric acid. 


Figure   1.     Preparing  the  Wert  Dialysis  Box  for  demonstration. 


A  single  concept,  time-lapse,  8  mm  color  movie,  "Simulated  Move- 
ment in  Cells"  enabled  the  students  to  see  in  90  seconds  the  action 
which  takes  place  in  2  hours  in  the  Wert  Dialysis  Box. 

A  short  test  consisting  of  12  questions  was  constructed  and  given 
as  a  pre-test  and  post-test  to  obtain  information  from  each  class. 
Each  group  was  allowed  10  minutes  to  finish  the  test.  The  test  was 
given  in  each  class  as  a  pre-test,  followed  by  approximately  20  minutes 
of  instruction  after  which  the  test  was  administered  as  a  post-test. 
The  test  was  designed  to  measure  the  understanding  of  concepts  and 
terms  concerning  the  principle  of  diffusion  between  plant  or  animal 
cells.  The  questions  were  developed  to  examine  six  interrelated  con- 
cepts. 

The  materials  and  concepts  covered  in  the  control  and  the  ex- 
perimental classes  were  the  same  with  the  exception  that  the  Wert 
Dialysis  Box  and  the  accompanying  8mm  concept  film  were  used  in 
the  experimental  classes.    One  individual  presented  all  the  lessons. 

The  demonstration  dialysis-diffusion  box  was  started  at  the  be- 
ginning of  each  teaching  presentation  in  the  experimental  classes. 
No  specific  reference  was  made  to  it  during  the  class  except  as  re- 
ferred by  the  students  and  the  teacher  in  conjunction  with  other 
points  of  discussion.  Immediately  after  a  brief  discussion  of  the 
concept  film,  the  post-test  was  given. 
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The  students'  papers  were  checked  and  tallied  at  the  conclusion 
of  each  session.  Tables  were  developed  to  compare  percentage  of 
improvement  of  post-test  over  pre-test  for  each  group.  The  results 
were  checked  for  significance  using  the  log  likelihood  method  (2). 

Results  and  Discussion 

Group  I  and  Group  II  were  both  BSCS  biology  classes.  Group  I 
was  the  control  group  and  Group  II  was  the  experimental  group. 
The  control  and  experimental  groups  showed  an  improvement  of  nearly 
17%,  and  18%,  respectively.  The  results  are  found  in  Table  1.  The 
group  improvement  by  percentage  was  obtained  by  taking  the  number 
of  students  in  each  group  and  multiplying  by  the  points  possible,  then 
dividing  this  figure  into  the  total  points  obtained  on  each  pre-test  and 
post-test  and  multiplying  by  100.  The  amount  achieved  by  control 
Group  I  was  47.6%  on  the  pre-test  and  64.1%  on  the  post-test,  making 
a  difference  of  16.5%  (Table  1).  The  results  for  experimental  Group 
II  were  found  to  be  17.7%  (Table  1).  A  gain  of  1.2%  was  the  differ- 
ence between  17.7%  and  16.5%.  The  G-statistic,  using  the  log  likeli- 
hood method  regarding  control  versus  experimental  group,  was  0.02 
which  was  not  significant  (Table  2).  The  null  hypothesis  that  the 
BSCS  experimental  class  would  show  the  greatest  improvement  of 
all  the  groups  was  rejected. 

Table    1.     Comparison   of    pre-test    and   post-test    performance    of    three    sets    of    control 
versus  experimental  groups. 


Test  Group 


Pre-test 


Percentage  Score 


Post- test 


Change 


BSCS  Classes 

Control 

47.6 

Experimental 

51.8 

Average  Ability  Classes 

Control 

44.6 

Experimental 

4S.4 

Heterogeneous  Classes 

Control 

45.7 

Experimental 

46.6 

64.1 
69.5 


51.8 
63.8 


55.8 
51.4 


16.5 
17.7 


7.2 

15.4 


10.1 


Table  2. 

Log  likelihood  ratio  test. 

(Two  degrees 

of  freedom 

in 

each  test). 

Test 

G-Statistic 

School  "A"  Junior  High  School 

(BSCS   classes) 
School  "A"  Junior  High  School 

(Average    ability    classes) 
School  "B"  Junior  High  School 

(Heterogeneous  classes) 


0.02  n.s. 
7.406* 
2.88  n.s. 


Significant  at  5%  level ;  n.s.,  Non  Significant. 
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The  results  of  Groups  III  and  IV  are  shown  in  Table  1.  Group  III 
(control)  showed  a  gain  of  7.2%,  post-test  over  pre-test.  Similarly, 
Group  IV  (experimental)  showed  a  gain  of  15.4%  (Table  1).  The 
log  likelihood  G-statistic  was  7.406,  which  indicated  significantly  better 
(5%  level)  performance  by  the  experimental  group  (Table  2).  The 
improvement  shown  by  Group  IV  was  attributed  to  the  improved 
learning  techniques. 

The  null  hypothesis  that  the  average  ability  class  experimental 
group  would  exceed  the  average  ability  control  group  was  not  rejected. 

An  operational  hypothesis  that  the  heterogeneously-grouped  ex- 
perimental class  (Group  VI)  would  show  significant  gain  was  rejected. 
The  experimental  class  (Group  VI)  improved  only  4.8%  in  the  post- 
test  over  the  pre-test  while  the  control  class  (Group  V)  showed  an 
improvement  of  10.1%  (Table  1).  Using  the  log  likelihood  method, 
control  group  versus  the  experimental  group,  the  G-statistic  was 
2.88  and  not  significant  (Table  2). 

Conclusions 

1)  The  biology  classes  composed  of  average  ability  students 
achieved  more  through  the  demonstration-discussion  method  in  con- 
junction with  the  use  of  the  Wert  Dialysis  Box  and  a  prepared  single 
concept  movie  than  by  the  conventional  lecture  method. 

2)  No  significant  gain  in  achievement  was  found  in  the  BSCS 
classes  or  in  the  heterogeneously  grouped  classes  when  the  two  in- 
structional approaches  were  compared. 

3)  An  atmosphere  of  inquiry  was  created  in  the  experimental 
groups  involved  in  the  demonstration-discussion  method  which  ap- 
peared to  focus  student  attention  on  the  concept  being  presented.  In 
addition,  the  instructional  utility  of  the  practical  technique  of  co- 
ordinated media — the  Wert  Dialysis  Box  and  the  single  concept  film — 
was  demonstrated.  The  results  of  this  experiment  support  De  Cecco's 
statement  "That  increasing  amounts  of  both  audial  and  visual  informa- 
tion do  not  lead  to  greater  learning."  (1). 
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ABSTRACTS 
Changes  of  Multispectral  Soils  Patterns  with  Increasing  Crop  Canopy. 

S.  J.  Kristof  and  M.  F.  Baumgardner,  Agronomy  Department,  Purdue 

University,      Lafayette,      Indiana     47907. Multispectral      data     were 

obtained  with  an  airborne  optical-mechanical  scanner  over  a  test  site 
in  Tippecanoe  County,  Indiana,  on  May  26,  June  26,  and  August  5,  1969. 

Temporal  changes  in  multispectral  response,  displayed  as  com- 
puter maps,  were  compared  with  results  from  approximately  200 
surface  soil  samples  analyzed  for  organic  matter  and  assigned  Munsell 
soil  color  designations. 

There  was  a  high  correlation  between  soil  organic  matter  and 
multispectral  response  for  the  May  26  scanner  data.  Although  the 
multispectral  computer-produced  soil  patterns  were  quite  similar 
between  the  flights  of  May  26  and  June  26,  the  correlation  between 
soil  organic  matter  content  and  multispectral  response  was  much 
lower  for  the  June  26  scanner  data.  The  multispectral  response  on 
August  5  gave  essentially  no  correlation  with  soil  organic  matter 
content.  Soil  color  gave  similar  correlation  results  with  multispectral 
response. 

A  Versatile  New  Field   Spectroradiometer  for  Characterization  of  Soil 

Spectra.  Jan  E.  Cipra  and  Marion  F.  Baumgardner,  Agronomy  De- 
partment, Purdue  University,  Lafayette,  Indiana  47907. An  Exotech 

Model  20  Spectroradiometer  was  used  to  study  the  electromagnetic 
spectra  of  soil  samples  with  the  sun  as  the  source  of  energy.  This 
versatile  instrument  measures  radiation  over  the  spectral  range  from 
0.35  micrometer  to  13.88  micrometers,  including  a  portion  of  the  near 
ultraviolet,  visible,  reflective  infrared,  and  thermal  infrared  energy. 
The  instrument  can  be  readily  transported  to  the  field,  is  operator 
oriented,  and  has  real-time  output. 

Eleven  surface  samples  and  one  subsoil  sample  were  collected 
from  eleven  sites  across  Indiana.  These  disturbed  samples  were 
placed  in  1  meter  x  1  meter  x  15  centimeter  deep  pits  in  a  well-sodded 
location  on  the  Purdue  Agronomy  farm.  Data  on  spectral  response, 
soil  moisture,  soil  temperature,  and  soil  surface  roughness  were 
collected  in  June  and  August  of  1970. 

This  instrument  was  capable  of  detecting  differences  in  soil 
spectra.  Initial  results  appear  to  provide  quantitative  and  repeatable 
spectral  descriptions  of  soils. 
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Differences  Between  Selected  High  and  Low 
Ground  Soils  of  Indiana1 

Russell  K.  Stivers 

Agronomy  Department 

Purdue  University,  Lafayette,  Indiana  47907 

Abstract 

High  ground  soils  and  adjacent  upland  depressional  or  low  ground  soils  in  the 
same  field  were  compared.  The  plow  layers  of  the  low  ground  soils  were  higher  in 
organic  matter,  extractable  calcium  and  magnesium,  and  cation  exchange  capacity, 
than  the  high  ground  soils.  Grain  yields  over  a  four-year  period  were  significantly 
higher  on  low  ground  than  on  high  ground  soils.  These  higher  yields  were  associated 
with  earlier  tasseling  and  silking,  lower  moisture  percentage  in  the  grain  at  harvest, 
taller  plants  in  some  cases,  and  a  higher  plant  population  in  many  comparisons. 
Total  soil  moisture  by  volume  tended  to  be  higher  on  the  low  ground  soils.  The 
hypothesis  was  advanced  that,  in  these  low  ground  soils,  higher  organic  matter 
content  may  be  important  in  reducing  surface  crusting  and  in  increasing  plant 
population. 

Potential  capacity  of  soils  to  produce  crops  at  high  levels  of 
management  can  be  estimated  from  their  present  crop  yields,  from 
their  internal  characteristics,  from  adjacent  physiographic  features, 
and  from  climate.  Odell  and  Oschwald  (7)  have  made  estimations 
of  crop  yields  of  Illinois  soils.  Differences  in  Illinois  soils  with  respect 
to  rooting  characteristics  had  previously  been  described  by  Fehren- 
bacher  and  Alexander  (2).  Similar  publications  estimating  crop  yields 
from  Indiana  soils  have  been  prepared  (4). 

The  purpose  of  this  report  is  to  supply  additional  information 
associating  soil  differences  with  corn  performance.  Many  character- 
istics of  soils  are  interrelated  in  their  influence  on  crop  performance. 
Specific  cases  will  be  mentioned. 

Methods  and  Procedures 

Five  farms  with  high  corn  yields  in  the  Indiana  Five-Acre  Corn 
Contest  were  selected  for  this  study.  On  each  farm  two  adjoining 
soils  in  the  same  field  were  chosen.  On  3  of  the  farms  the  same 
soil  locations  were  used  all  4  years.  On  2  farms,  2  different  fields 
were  used  during  the  4-year  period. 

The  soils  used  in  this  study  were  primarily  Alfisols  (Gray-Brown 
Podzolic  soils)  on  the  upland  high  ground  and  Mollisols  (Humic- 
Gley  in  this  study)  in  adjacent  upland  depressional  (low  ground) 
areas.  The  two  soils  in  the  same  field  received  the  same  production 
practices  and  management  (i.e.,  planting  rate,  date,  hybrid,  fertiliza- 
tion, weed  control,  etc.)  and  approximately  the  same  rainfall,  tempera- 
ture, and  sunlight.  The  farmer's  name  and  location,  soil  types,  im- 
portant production  practices,  and  July  and  August  rainfall  for  each 
year  are  given  in  Table  1. 


1  Journal  Paper  No.  4260,  Purdue  University  Agricultural  Experiment  Station.  The 
author  wishes  to  acknowledge  the  help  of  Russel  C.  Miller,  Wyman  E.  Nyquist,  Ethel 
M.  Tudor,  Jerry  M.  Arnold  and  Enola  M.  Ruff. 
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Descriptions  of  the  soils  listed  in  Table  1  were  made  by  D.  P. 
Franzmeier,  A.  L.  Zachary,  and  P.  W.  Harlan  (personal  communica- 
tions). Samples  from  all  horizons  of  the  10  soils  at  selected  locations 
were  collected  in  1967.  Analyses  of  samples  from  the  plow  layers  were 
made  in  1970  by  the  Purdue  Soil  Testing  Laboratory.  Soil  water 
pH  and  available  P  (Bray  No.  1)  were  determined  by  procedures 
listed  by  Hood  (3).  Organic  matter  was  determined  using  a  modifi- 
cation of  the  Walkley-Black  procedure  reported  by  Jackson  (5).  Ex- 
tractable  bases  were  determined  using  a  modification  of  the  neutral 
normal  ammonium  acetate  procedure  used  by  the  U.  S.  Department 
of  Agriculture  (9).  Extrac table  acidity  was  determined  using  a  modi- 
fication of  the  triethanolamine  method  reported  by  Peech  et  al.  (8).  Cation 
exchange  capacity  was  determined  by  addition  of  milliequivalents  of 
calcium,  magnesium,  potassium,  sodium,  and  hydrogen  (extractable 
acidity).  Base  saturation  percentages  were  obtained  by  dividing  the 
sum  of  the  extractable  bases  including  sodium  by  the  cation  exchange 
capacity  and  multiplying  by  100. 

A  nested  design  with  five  replications  or  sublocations  was  used 
for  determining  crop  yields  in  each  soil  type.  The  diameter  of  the 
area  sampled  on  each  soil  was  41  m  (135  ft).  The  five  harvested 
areas  on  each  soil  type  were  each  two  rows  wide  and  10.7  m  (34.8  ft) 
long. 

Crop  yields  were  determined  by  hand  harvesting  ears,  weighing 
these  ears,  determining  moisture  percentages  in  the  grain,  and  calcu- 
lating yields  using  Remmenga's  tables  of  pounds  of  ears  required 
for  a  bushel  of  15.5%  moisture  shelled  corn.  These  tables  were  con- 
tained in  Brunson's  Purdue  Agricultural  Extension  Circular  472  (1). 
Each  fourth  ear  was  harvested,  and  all  ears  and  barren  stalks  were 
counted. 

Grain  moisture  percentages  were  determined  using  shelled  grain 
from  10  or  more  ears  from  each  replication.  Shelled  grain  was  weighed, 
dried  at  100  to  105  °C  for  24  to  30  hours,  weighed  again,  and  per- 
centage of  moisture  calculated. 

Soil  moisture  measurements  were  made  with  a  Troxler  neutron 
probe  and  scaler.  The  source  of  neutrons  was  Americium  and  Beryllium. 
Principles  explained  by  C.  H.  M.  Van  Bavel  (10)  were  used  by  D. 
Wiersma  to  calibrate  this  probe.  On  the  Priebe  and  the  Franklin 
Farms,  three  replications  of  neutron  probe  access  pipes  on  each  soil 
type  were  used.  On  the  McKowen  and  Bosstick  farms  two  replications 
on  each  soil  type  were  used.  On  the  Neyhouse  Farm  only  one  replica- 
tion was  used.  Electrical  conduit  pipes  were  buried  1.4  m  (4.5  ft) 
in  the  soil  and  15  cm  (6  inches)  of  the  pipe  was  allowed  to  protrude 
above  the  soil  surface.  These  neutron  probe  access  pipes  were  in- 
stalled in  the  corn  row.  Counts  were  made  for  3  minutes  for  the 
standard  and  for  each  of  the  4  depths  (30,  61,  91,  and  122  cm  or  12, 
24,  36,  and  48  inches)  at  which  soil  moisture  readings  were  taken.  Soil 
moisture  is  reported  as  percent  by  volume. 
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Both  crop  production  and  soil  moisture  data  were  subjected  to 
analysis  of  variance  and  F  tests  of  significance.  Percentage  data 
were  converted  to  the  arc  sine  and  compared. 

Results  and  Discussion 

Corn  grain  yields  for  the  4-year  period  varied  from  a  high  of 
11,917  kg/ha  (190.0  bu/A)  to  a  low  of  5,971  kg/ha  (95.2  bu/A)  as 
shown  in  Table  2.  Both  of  these  yields  were  obtained  in  1967,  a  very 
cool  year  with  average  air  temperatures  varying  from  1.7  to  4.4  °C 
(3  to  8°  F)  below  normal  in  August. 

Four-year  average  corn  grain  yields  were  significantly  higher 
(1%  level)  on  the  low  ground  than  on  the  high  ground  soils  on  three 
of  the  five  farms  (Table  2).  The  four-year  average  yield  of  9,984 
kg/ha  (159.2  bu/A)  of  the  low  ground  soils  on  all  five  farms  was 
significantly  higher  (1%  level)  than  the  9,122  kg/ha  (145.4  bu/A) 
yield  of  the  adjacent  high  ground  soils. 

Higher  grain  yields  of  corn  on  the  low  ground  soils  were  as- 
sociated with  a  slightly  earlier  tasseling  and  silking.  Seven  counts 
made  over  a  three-year  period  indicated  that  corn  on  low  ground 
soils  was  58%  in  silk  while  that  on  adjacent  high  ground  soils  was 
33%  in  silk.  The  difference  is  estimated  to  be  two  days  earlier  in 
maturity  on  the  low  ground  soils. 

Further  evidence  that  corn  tends  to  grow  and  mature  faster  on 
low  ground  soils  is  found  in  the  moisture  content  of  the  corn  grain 
at  harvest.  Corn  from  the  low  ground  soils  of  three  of  the  five  farms 
was  significantly  (1%  level)  lower  in  moisture  than  that  from  ad- 
jacent high  ground  soils  when  all  four  years  of  data  were  analyzed. 
When  data  from  all  five  farms  were  combined,  corn  moisture  per- 
centages were  significantly  (1%  level)  lower  from  the  low  ground 
than  from  the  high  ground  soils.  The  moisture  in  the  corn  grain 
from  the  high  ground  soils  averaged  26.1%,  while  that  from  the 
low  ground  soils  averaged  24.6%. 

To  get  more  information  on  rate  of  growth,  extended  leaf  height 
measurements  were  made  on  the  Priebe  Farm  on  July  16,  1970. 
Average  height  of  corn  on  the  Ragsdale  silty  clay  loam  or  low  ground 
soil  was  222  cm  (87.4  inches)  while  that  on  the  Reesville  silt  loam  or 
high  ground  soil  was  206  cm  (81.1  inches). 

Higher  grain  yields  of  the  low  ground  soils  were  also  associated 
with  higher  plant  populations.  The  Franklin  Farm  location  had  a 
significantly  higher  population  of  plants  on  low  ground  than  on 
high  ground  soils  for  the  four-year  period.  When  population  data 
of  all  locations  and  all  years  were  combined,  those  data  from  the  low 
ground  soils  averaged  57,132  plants/ha  (23,121  plants/A),  while  those 
from  the  high  ground  soils  averaged  55,874  plants /ha  (22,612  plants/ A). 
The  difference  in  population  was  significant  at  the  5%  level. 

Higher  grain  yields,  faster  growth,  and  higher  populations  of 
corn    plants    were    found    on    the    low    ground    soils.     These    soils    were 
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higher  in  organic  matter,  extractable  calcium  and  magnesium,  and 
cation  exchange  capacity  than  were  the  high  ground  soils  (Table 
3).  It  is  known  that  these  soil  characteristics  are  interrelated  and 
that  they  influence  soil  structure  and  tilth  and  hence,  crop  growth. 
Under  field  conditions  it  is  very  difficult  to  prove  that  one  soil  char- 
acteristic or  property  results  in  faster  growth  or  a  higher  stand. 
However,  it  is  believed  that  the  higher  percentages  of  organic  matter 
in  the  low  ground  soils  are  very  important,  particularly  in  reducing 
surface  crusting  and  in  improving  stands.  Mannering  and  Wiersma 
(6),  investigating  reduction  of  infiltration  rates  in  seven  different 
soil  types,  found  that  soil  texture  was  important  in  determining  which 
soils  were  affected  most  severely  by  surface  sealing. 

Summarized  results  of  soil  moisture  percentages  by  volume  ob- 
tained with  a  neutron  probe  in  1970  are  given  in  Table  4.  At  two 
locations,  the  McKowen  Farm  and  the  Franklin  Farm,  total  soil 
moisture  (average  of  four  depths)  percentages  were  significantly 
(1%  level)  higher  on  the  low  ground  than  on  the  high  ground  soils. 
On  the  other  three  farms  the  same  trend  was  evident,  but  the  differ- 
ences were  not  significant. 

Soil  moisture  is  often  in  short  supply  for  corn  in  July  and  August 
in  the  Corn  Belt.  Precipitation  was  very  light  on  the  McKowen  Farm 
in  both  July  and  August,  1967.  The  difference  of  3,613  kg/ha  (57.6 
bu/A)  between  the  high  ground  and  low  ground  soils  in  their  1967 
grain  yields  on  this  farm  was  large.  Total  inches  of  available  water 
for  corn  may  have  been  greater  on  the  Brookston  silt  loam  or  low 
ground  soil,  partially  because  it  received  any  run-off  of  water  from 
the  adjacent,  higher  Crosby  silt  loam.  Lower  organic  matter  on 
the  high  ground  soil  may  have  contributed  to  more  crusting  and 
run-off.  Similarly,  low  precipitation  in  July  and  August  probably 
favored  higher  yields  on  the  low  ground  soil,  Ragsdale  silty  clay 
loam,  on  the  Franklin  Farm  in  both  1967  and  in  1968.  In  1970,  South- 
ern Corn  Leaf  Blight  (Helminthosporium  maydis),  appeared  to  have 
done  more  damage  to  corn  on  the  low  ground  soils  and  thus  reduced 
some  of  the  advantages  of  low  ground  soils  with  respect  to  moisture. 
Low  ground  soils  are,  however,  sometimes  at  a  disadvantage  compared 
to  high  ground  soils  when  ponding  of  water  occurs  and  corn  plant 
populations  are  reduced. 

Even  though  total  soil  moisture  and  that  soil  moisture  available 
to  crops  are  different  on  a  given  soil,  sometimes  total  soil  moisture 
appears  to  be  a  good  relative  measure  of  soil  moisture  available  to  the 
plant.  In  1970,  on  the  Franklin  Farm,  wilting  of  corn  leaves  occurred 
sooner  on  the  high  ground  soil  which  was  consistently  lower  in  total  soil 
moisture  than  the  adjacent  low  ground  soil.  Also  in  1970,  free  water 
was  found  at  the  bottom  of  neutron  access  pipes  at  a  depth  of  1.5 
m  (5  ft)  in  two  of  the  low  ground  soils,  while  no  free  water  was 
found  at  this  depth  in  the  adjacent  high  ground  soils. 
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Leaf  Moisture  Variation  Within  Corn  Leaf  Sections1 
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Abstract 

This  study  was  designed  to  determine  the  variation  of  leaf  moisture  along  the 
length  of  individual  leaves  at  specific  positions  on  corn  plants  under  two  different  soil 
moisture  conditions.  The  effect  of  darkness  was  also  studied  under  a  high  moisture 
condition. 

Eight-weeks-old  corn  plants  were  watered  to  above  field  capacity  and  divided  into 
three  treatments,  varying  according  to  specified  time  intervals  to  sampling  and  period 
of  darkness.  At  the  end  of  the  specified  time  interval,  the  individual  leaves  of  each 
plant  were  removed  and  cut  into  five-inch  sections.  Moisture  determinations  were  made 
on  each  section  and  recorded. 

The  0-5  inch  section  (measured  from  the  tip  of  the  leaf)  was  the  driest  part  of 
each  leaf  regardless  of  the  treatment.  The  20-25  inch  section  (nearest  the  plant  stem) 
contained  the  highest  moisture  percentage  regardless  of  treatment.  Wilted  plants  were 
found  to  show  a  greater  variation  in  the  moisture  content  within  a  single  leaf  than 
well-watered  plants. 

Light  affected  leaf  moisture  through  its  effects  on  transpiration,  a  factor  which 
becomes  important  when  sampling  leaves  at  different  times  of  the  day. 

When  measurements  are  taken  on  a  plant  leaf  where  the  entire 
leaf  surface  or  area  is  incorporated  in  the  measurements,  the  use 
of  the  entire  leaf  for  a  related  moisture  determination  does  not 
present  serious  analysis  problems.  Errors  may  arise,  however,  if  a 
small  portion  of  a  leaf  is  used  to  represent  the  moisture  for  the 
entire  leaf  or  if  a  small  portion  of  the  leaf  is  employed  for  spectral 
measurements  and  leaf  moisture  is  determined  for  the  entire  leaf. 
In  many  instances  it  is  necessary  to  know  the  variability  of  leaf  moisture 
within  a  specific  leaf,  especially  when  the  plant  is  subjected  to  differ- 
ent environmental  conditions.  The  variations  of  leaf  moisture  within 
a  leaf  are  also  important  when  measuring  reflection.  Sinclair  (6) 
showed  the  reflective  responses  of  leaves  reacted  inversely  to  small 
changes  in  leaf  moisture. 

This  experiment  was  designed  to  determine  the  variation  of  leaf 
moisture  along  the  length  of  individual  leaves  at  specific  positions 
on  corn  plants  under  two  different  soil  moisture  conditions. 

Experimental  Method 

Twelve  corn  plants  were  grown  in  separate  pots  in  the  green- 
house for  8  weeks.  There  were  three  treatments  each  utilizing  four 
plants. 


1  Journal  Paper  No.  4293,  Purdue  University  Agricultural  Experiment  Station.  The 
study  was  supported  in  part  by  the  U.  S.  Department  of  Agriculture  and  the  National 
Aeronautics  and  Space  Administration  under  Contracts  12-14-100-8307(20),  12-14-100- 
8926(20),  12-14-100-9502(20)  and  12-14-100-9549(20). 
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All  plants  were  watered  to  above  field  capacity  and  additional 
watering  was  terminated  throughout  the  length  of  the  experiments. 
After  a  24-hour  period,  8  plants  were  placed  in  a  dark  room  with  a 
temperature  of  21.1  °C.  Of  these  8  plants,  4  plants  were  designated 
for  Treatment  1  and  four  for  Treatment  2.  The  4  plants  remaining 
in  the  greenhouse  were  under  normal  greenhouse  conditions  for  a 
period  of  72  hours  without  additional  water  and  designated  as  Treat- 
ment 3. 

The  plants  for  Treatment  1  were  removed  after  8  hours  of  dark- 
ness and  placed  under  greenhouse  lights  (4000  ft-c)  for  a  period 
of  10  hours.  At  the  end  of  this  time,  the  individual  leaves  of  each 
plant  were  removed  and  cut  into  5-inch  sections. 

Leaf  moisture  was  determined  by  weighing  each  leaf  section  on 
a  micro-balance  accurate  to  0.0001  g.  The  leaves  were  dried  for  48 
hours  in  a  70  °C  oven  and  then  re-weighed.  The  moisture  percentage 
was  determined  on  a  fresh  weight  basis  [(Fresh  Leaf  Weight — Dry  Leaf 
Weight) /Fresh  Leaf  Weight  x  100  =  %  Moisture  Content]. 

In  Treatment  2,  the  corn  plants  were  taken  individually  from 
the  dark  room  after  16  hours  of  darkness.  The  individual  leaves  were 
removed  and  cut  into  5-inch  sections  as  quickly  as  possible  before 
the  plants  could  lose  significant  water  by  transpiration.  Moisture  de- 
terminations were  made  on  each  section  and  recorded. 

The  4  corn  plants  used  for  Treatment  3  were  severely  wilted 
after  growing  for  72  hours  without  additional  water.  The  leaves 
were  cut  into  5-inch  sections  for  moisture  determination.  The  moisture 
content  of  each  leaf  section  was  determined  and  recorded. 

Results  and  Discussion 

All  leaves  are  not  of  the  same  length  on  a  corn  plant.  Since 
the  leaves  were  numbered  beginning  with  1  as  the  lowest  leaf  on  the 
plant,  the  leaf  length  was  found  to  vary  between  24  and  30  inches 
for  leaf  positions  4  through  10.  Since  the  leaves  were  cut  into  5- 
inch  sections,  some  of  the  leaves  were  cut  into  5  sections  and  others 
into  6  sections. 

For  statistical  analysis,  a  more  favorable  analysis  model  could  be 
applied  if  the  section  numbers  were  equal;  therefore,  a  weighted 
procedure  was  used  to  reduce  the  values  of  the  6  sections  to  5  sec- 
tions. Lettering  the  sections  alphabetically  so  that  A  is  the  0-5-inch 
section  beginning  at  the  tip  of  the  leaf,  B  is  the  5-10-inch  section, 
etc.;  then  the  following  5  sections  were  obtained  in  the  weighting 
procedure  wherever  6  sections  existed,  as  follows: 

5A  +  IB  2D  +  4E 

1) =  A'  4)     =  D' 

6 

IE  +  5F 


6 

4B 

+ 

2C 

6 

3C 

+ 

3D 

2)     =  B'  5) 

6 

3C  +  3D 
3) =  C 
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The  moisture  determinations  of  the  5-inch  leaf  sections  revealed 
Some  interesting  correlations  and  interactions.  The  mean  moisture 
values  for  Leaves  4  through  10  for  all  treatments  are  given  in  Figure 
1.  The  0-5-inch  section  (taken  near  the  tip  of  the  leaf)  was  the 
driest  part  of  each  leaf  regardless  of  the  treatment.  The  20-25-inch 
section  (taken  near  the  plant  stem)  contained  the  highest  moisture 
regardless  of  treatment. 

An  analysis  of  variance  was  performed  on  the  well-watered  plants 
using  the  dark  and  light  treatments  by  employing  the  following 
linear  model: 

Xijki  =  u  +  Ki  +  PJ(„  +  U  +  KLik  +  PLjko  +  S,  +  KSn 

-f-     PSjld)     -f-     LSkl     -j-     PLSjkl(i) 

where  Xijki   is  the   leaf  moisture  percentage  as  influenced  by  leaf 

section  1  from  leaf  k  of  plant  j  growing  under  treatment  i. 

u    =  population  mean 

K  =  light  factor  where  i  =  1,  2 

P   =  plant  factor  where  j  =  1,  2,  3,  4 

L   =  leaf  factor  where  k  =  1,  2,  3,  4,  5,  6,  7 

S   =  section  factor  where  1  =  1,  2,  3,  4,  5 

The  results  of  this  analysis  indicate  that  light  is  a  significant 
factor  on  leaf  moisture  but  that  the  effect  of  leaves  and  sections  is 
highly  significant  (Table  1).  The  interactions  of  light  x  leaves,  light 
x  sections,  leaves  x  sections,  as  well  as  light  x  leaves  x  sections 
were  highly  significant. 

An  indication  that  leaf  position  has  a  significant  effect  on  leaf 
moisture  was  shown  by  Johannsen  (2).  The  effect  of  the  leaf  sections 
on  leaf  moisture  is  shown  in  Figure  1.  The  sections  closest  to  the 
plant  stem  had  the  highest  moisture  percentage  and  the  sections 
taken  at  the  tip  of  the  leaves  had  a  lower  moisture  percentage  in  all 
treatments. 

The  interaction  of  light  x  leaves  can  be  explained  by  noting 
that  light  will  help  to  control  stomata  openings.  Milthorpe  and 
Spencer  (5)  concluded  that  the  stomata  openings  strongly  controlled 
plant  transpiration.  Kramer  (3)  indicated  that  moisture  varies  in 
different  plant  leaves  because  of  transpiration  differences  in  different 
leaves.  Leaves  near  the  top  of  the  plant  begin  to  transpire  earlier 
in  the  day  than  the  lower  leaves. 

The  effects  of  mutual  shading  of  one  or  more  leaves  over  other 
leaves  have  an  effect  on  transpiration  (1).  Shaded  leaves  do  not 
transpire  as  much  as  the  other  leaves  when  plants  have  adequate 
water.  This  might  explain  the  reason  for  the  highly  significant  in- 
teraction between  light  x  leaf  sections.  Fischer  and  Hagan  (1)  re- 
viewed the  works  of  other  authors  which  show  a  variation  in  the 
number  of  stomata  along  an  individual  leaf.  The  possibility  of  a 
difference  in  leaf  structure  along  an  individual  leaf  would  also  cause 
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Table    1.     Analysis   of   variance   of   leaf   moisture   sections   of   light   and   dark   treatments 
using  well-watered  corn  plants. 


Source 

<lf 

SS 

MS 

F 

Light 

1 

0.04489 

0.04489 

7.51* 

Error    (a) 

« 

0.03587 

0.00598 

— 

Leaves 

6 

0.04271 

0.00712 

5.98** 

Light    x    leaves 

6 

0.09635 

0.1606 

13.50** 

Error     (b) 

36 

0.04295 

0.00119 

— 

Sections 

4 

0.28236 

0.07059 

21.20** 

Light    x    sections 

4 

0.08108 

0.02027 

6.09** 

Error     (c) 

24 

0.07992 

0.00333 

— 

Leaves   x   sections 

24 

0.31301 

0.01304 

8.20** 

Light    x    leaves    x    sections                   24 

0.23862 

0.00944 

5.94** 

Error     (d) 

144 

0.22859 

0.00159 

— 

Total 

279 

Significant;  **  Highly  Significant. 


leaf  moisture  to  vary.   These  factors  would  explain  the  highly  significant 
difference  found  among  the  leaf  sections. 

The  significant  effect  of  light  and  darkness  on  plant  moisture 
differences  may  result  from  temperature  interacting  with  light.  The 
plants  in  the  dark  treatment  were  kept  at  room  temperature  prior 
to  the  moisture  determinations.  The  plants  in  the  light  treatment 
were  under  high  intensity  lights  which  gave  higher  temperatures  as 
well  as  a  differential  in  temperature  along  the  vertical  axis  of  the 
plant.  Millar  (4)  reported  data  which  indicate  that  leaf  turgidity 
varies  with  change  in  leaf  temperature.  He  did  not  test  the  signifi- 
cance of  this  factor,  but  he  did  show  a  significant  difference  in  the 
turgidity  measurements  due  to  the  temperature  of  the  laboratory. 
Since  the  temperature  of  leaf  samples  changes  with  the  temperature 
of  the  laboratory,  its  importance  should  not  be  minimized. 

The  strong  interaction  of  light  x  leaves  x  sections  could  not 
be  explained  without  further  testing.  To  seek  an  explanation  for 
this  interaction,  an  analysis  was  run  separately  on  both  the  dark 
and  light  treatments  of  the  well-watered  plants.  The  results  are  shown 
in  Table  2.  Highly  significant  values  were  found  for  the  effect  of 
leaves,  sections  and  leaves  x  sections  on  leaf  moisture  for  both 
treatments.  The  F  value  for  the  effect  of  sections  on  leaf  moisture 
for  the  light  treatment  was  considerably  higher  than  that  obtained  for 
the  dark  treatment. 

The  leaves  x  sections  interaction  for  the  dark  treatment  shows 
a  higher  F  value  compared  to  that  of  the  same  interaction  in  the 
light  treatment.  This  may  be  due  to  the  dryness  of  the  leaf  tips  of 
the  lower  leaves  shown  in  Figure  1. 

The  above  factors  are  likely  to  be  causing  some  of  the  highly 
significant  interaction  of  light  x  leaves  x  sections.  A  plot  of  the 
marginal   means   of   Leaves   4   through    10   of   the   three   treatments   is 
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given  in  Figure  2.  A  crossover  of  these  means  occurs  between  the 
9th  and  10th  leaves  of  the  light  and  dark  treatments.  The  difference 
in  the  slope  of  the  marginal  means  between  the  two  treatments  and 
the  crossover  indicates  that  the  light  has  an  influence  in  this  interaction. 

Table    2.     Analysis    of    variance    of    corn    leaf    moisture    determined    in    sections    on 
individual  leaves  under  two  different  lighting  treatments. 


Source 

df 

SS 

MS 

F 

Well- Watered— Light 

Replications 

a 

0.01171 

0.00390 

9.26** 

Leaves 

6 

0.02192 

0.00365 

8.69** 

Error     (a) 

is 

0.00757 

0.00042 

— 

Sections 

4 

0.06487 

0.01622 

54.07** 

Error     (b) 

12 

0.00358 

0.00030 

— 

Leaves   x   sections 

2-4 

0.00606 

0.00025 

2.27** 

Error     (c) 

72 

0.00775 

0.00011 

— 

Total 

139 

Well-Watered— Dark 

Replications 

3 

0.02416 

0.00805 

4.09* 

Leaves 

6 

0.11714 

0.01952 

9.91** 

Error     (a) 

IS 

0.03538 

0.00197 

— 

Sections 

4 

0.29857 

0.07464 

11.74** 

Error     (b) 

12 

0.07635 

0.00636 

— 

Leaves    x    sections 

24 

0.54557 

0.02273 

7.40** 

Error    (c) 

72 

0.22084 

0.00307 

— 

Total 

139 

*  Significant;  **  Highly  Significant. 

The  wilted  treatment  of  four  plants  was  analyzed  separately 
and  the  results  are  shown  in  Table  3.  There  were  highly  significant 
differences  indicated  by  the  F  tests  for  leaves,  sections  and  leaves 
x  sections  interaction  in  their  effects  on  leaf  moisture.  The  tips  of 
the  wilted  leaves  were  noticeably  lower  in  moisture  content  for 
all  leaves  which  explains  in  part  the  high  value  obtained  for  the 
test  of  the  effect  of  leaf  sections  on  the  leaf  moisture  content. 

Table    3.     Analysis   of   variance    of   corn   leaf   moisture   of   plants    that    were   in   a   wilted 
condition  under  high  intensity  greenhouse  lights. 


Source 


di- 


ss 


MS 


Replications 
Leaves 
Error     (a) 
Sections 
Error     (b) 
Leaves    x    sections 
Error     (c) 
Total 


3 

0.01251 

0.00417 

0.51 

ti 

0.68705 

0.11451 

14.12** 

is 

0.14602 

0.00811 

— 

4 

0.72946 

0.18236 

50.80** 

12 

0.04312 

0.00359 

— 

24 

1.12431 

0.04685 

13.09** 

72 

0.25785 

0.00358 

— 

*  Highly  Significant. 
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Figure  2.     Marginal  mean  values  of  corn  leaf  moisture  for  three  different  environmental 

conditions. 


Conclusions 

1)  The  leaf  moisture  varies  significantly  within  the  same  leaf. 
If  only  part  of  a  leaf  is  sampled  for  moisture  determination  or  if 
measurements  are  being  made  which  can  be  influenced  by  leaf  moisture, 
this  should  be  considered.  Therefore,  it  is  recommended  that  the  same 
portion  of  the  leaf  be  used  consistently  throughout  an  experiment  for 
more  uniform  and  interpretable  moisture  conditions. 

2)  Light  and  its  effect  on  transpiration  cause  variation  in  the 
leaf   moisture    of   a    corn   plant.    This    factor    becomes    important    when 
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a  researcher  is  sampling  leaves  at  different  times  of  the  day.  Sampling 
of  leaves  should  therefore  always  be  conducted  under  similar  lighting 
conditions  for  more  comparable  results.  When  taking  leaf  samples 
from  field  plots,  cloudy  vei°sus  sunny  conditions  should  be  observed 
as  well  as  the  time  of  day  regardless  of  soil  moisture  conditions. 

3)  The  moisture  content  of  leaves  varies  with  leaf  position  as 
shown  by  previous  research. 

4)  Wilted  plants  show  a  greater  variation  in  the  moisture  content 
within  a  single  leaf  than  with  well-watered  plants.  The  variation 
between  leaves  is  similar  to  that  shown  by  the  well-watered  plants. 
The  variation  of  light  versus  dark  treatments  on  wilted  plants  was 
not  performed  due  to  a  shortage  of  plants.  The  effect  of  light  is 
expected  to  be  greater  on  wilted  plants  since  reduced  transpiration 
caused  by  the  dark  period  would  cause  a  larger  moisture  increase 
within  the  leaves  in  this  condition.  Further  work  should  be  performed 
on  the  light  and  dark  period  effect  on  wilted  plants  before  specific 
recommendations  can  be  made  on  sampling  procedures. 
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Abstract 

Greenhouse  studies  were  conducted  on  corn  plants  with  the  two-fold  purpose  of: 
1)  determining  the  moisture  content  of  corn  leaves  in  different  positions  on  the  plant; 
and  2)  determining  if  the  time  of  day  affects  the  leaf  moisture  at  different  leaf 
positions. 

Corn  plants  were  grown  for  a  period  of  8  weeks,  at  which  stage  each  plant  had 
a  minimum  of  12  horizontal  leaves.  All  plants  were  watered  to  a  soil  moisture 
content  of  about  22%,  and  water  was  extracted  by  evapotranspiration.  At  8  equal  time 
intervals  over  a  64-hour  period  individual  leaves  were  removed  for  moisture  de- 
termination.   All  plants  were  subjected  to  a  16-hour  daylength. 

The  maximum  leaf  moisture  content  at  all  time  intervals  was  found  near  the 
middle  of  the  plant.  Uppermost  leaves  did  not  attain  the  moisture  content  of  those  in 
the  middle,  while  advancing  stages  of  senescence  accounted  for  the  lower  moisture 
content  of  the  lower  leaves. 

The  effect  of  the  time  intervals  on  leaf  moisture  content  was  found  to  be  highly 
significant,  indicating  that  the  leaf  moisture  content  was  affected  significantly  by  soil 
moisture.  Changes  in  corn  leaf  moisture  followed  the  same  trend  as  the  soil  moisture 
changes,  regardless  of  the  leaf  position  on  the  plant. 

Moisture  content  of  leaves  sampled  in  the  early  morning  was  higher  than  that  of 
samples  obtained  later  in  the  day.  The  percent  moisture  in  leaves  exhibited  pronounced 
diurnal  changes,  especially  at  low  soil  moisture  levels  (near  the  permanent  wilting 
point). 

In  pursuit  of  making  leaf  reflectance  measurements,  researchers 
at  the  Laboratory  for  Applications  of  Remote  Sensing  (LARS)  were 
finding  variation  in  reflectance  measurements  at  different  leaf  moisture 
contents.  Earlier  research  showed  that  reflectance  measurements  from 
a  DK-2  spectral  reflectometer  decreased  from  0.5  to  2.6  n  with  in- 
creasing plant  moisture  (11).  These  results  were  obtained  from 
leaves  of  corn,  soybeans,  sorghum,  sudan  and  wheat.  Other  research 
had  shown  that  moisture  content  within  plant  leaves  had  a  significant 
effect  on  reflectance  response  (6,  8,  10,  12).  In  all  cases,  leaf  reflectance 
was  inversely  related  to  leaf  moisture  content. 

The  purposes  of  this  research  were:  1)  to  determine  moisture 
content  of  corn  leaves  in  different  positions  on  the  plant;  and  2)  to 
determine  if  the  time  of  day  affects  the  leaf  moisture  at  different 
leaf  positions.  Such  information  would  be  valuable  in  the  selection 
of  leaves  on  which  to  make  reflectance  measurements  in  future  studies. 


1  Journal  Paper  No.  4294,  Purdue  University  Agricultural  Experiment  Station. 
This  study  was  supported  in  part  by  the  U.  S.  Department  of  Agriculture  and  the 
National  Aeronautics  and  Space  Administration  under  Contracts  12-14-100-8307(20), 
12-14-100-8926(20),  12-14-100-9502(20)  and  12-14-100-9549(20). 
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Experimental  Procedures 

The  soil  selected  for  the  experiments  was  a  Chelsea  sand  which 
contained  sand,  silt,  and  clay  fractions  of  91.7%,  3.8%,  and  4.5%, 
respectively  (1).  Wiersma  (13)  showed  that  the  soil  has  a  field 
capacity  of  0.10  to  0.14  inches  of  water  per  inch  of  soil.  With  this 
low  water  holding-  capacity,  rapid  changes  in  available  soil  moisture 
would  occur  under  normal  growing  conditions. 

Corn  was  selected  as  a  study  crop  and  the  plants  were  grown 
in  individual  plastic  containers.  These  containers  or  pots  were  17 
cm  deep  and  16  cm  in  diameter.  Hendrickson  and  Veihmeyer  (5) 
had  shown  that  the  size  of  the  container  would  have  no  effect  on 
the  percentage  moisture  in  the  plant;  therefore,  it  was  assumed 
that  the  pots  would  be  adequate  for  the  experiments. 

The  soil  was  passed  through  a  2  mm  sieve  and  3,000  g  (calcu- 
lated on  an  oven  dried  basis)  were  placed  in  each  pot.  The  pH  of 
each  pot  of  soil  was  adjusted  to  approximately  6.5  by  mixing  the 
proper  amount  of  Ca(OH)>  and  MgO  (5.5  parts  Ca(OH)2  and  1 
part  MgO)  into  the  soil.  Three  seeds  of  corn  were  planted  in  each 
pot  to  insure  that  at  least  one  plant  per  pot  would  be  obtained.  After 
about  1  week  after  emergence,  the  2  least  vigorous  plants  were  removed 
from  the  pot. 

Difficulties  were  experienced  in  adding  water  to  a  small  volume 
of  soil  and  obtaining  a  condition  where  the  soil  is  saturated.  There- 
fore, a  method  was  used  which  completely  saturated  the  soil  and  al- 
lowed drainage  of  the  excess  water.  Figure  1  illustrates  the  watering 
procedure.  Water  was  added  to  each  pot  through  a  tube  connected 
between  a  water  reservoir  and  the  bottom  of  each  pot.  After  the 
water  had  completely  saturated  the  soil,  the  polyethylene  pot  was  raised 
the  height  of  20  cm  above  the  height  of  the  water  reservoir  to  drain 
off  the  excess  water.  This  procedure  resulted  in  a  soil  moisture  condition 
of  about  22%  (7). 

A  high  intensity  lighting  system  of  approximately  4,000  ft-c 
was  used.  The  lights  were  turned  on  at  6  am  and  turned  off  at  10 
pm  each  day,  providing  day  lengths  of  16  hours.  The  plants  were 
placed  on  a  plywood  board  which  was  adjusted  to  a  height  that 
maintained  at  least  8  inches  between  the  tops  of  the  plants  and  the 
lights.  An  electric  fan  was  used  above  the  plants  to  prevent  the 
development  of  "heat  pockets"  and  injury  to  the  corn  plants. 

Since  the  sandy  soil  had  a  low  cation  exchange  capacity,  plant 
nutrients  had  to  be  added  at  regular  intervals.  The  correct  amount 
of  nutrients  added  (including  micro-nutrients),  depended  upon  the  stage 
of  growth  of  the  plant.  The  temperature  and  humidity  of  the  green- 
house varied  depending  upon  the  time  of  year.  These  factors  also 
affect  growth  and  thereby  nutrient  uptake. 

Thirty-two  corn  plants  were  grown  for  a  period  of  8  weeks  until 
each   plant  had   a  minimum   of   12   horizontal   leaves.    All  plants   were 
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FIGURE    1.     Method    used    for    watering    corn    plants    in    the    greenhouse    experiments. 


watered  and  placed  on  greenhouse  benches  and  water  was  gradually 
diminished  by  evapotranspiration.  At  equal  time  intervals  of  0,  8, 
16,  24,  32,  40,  48,  and  56  hours  after  watering,  4  plants  were  selected 
randomly  and  individual  leaves  were  removed  for  moisture  determination. 
Leaves  were  numbered  sequentially  from  bottom  to  top  to  compare 
leaves  from  the  same  leaf  position. 

Leaf  moisture  was  determined  by  weighing  a  leaf  on  a  micro- 
balance  accurate  to  0.0001  g.  The  leaves  were  dried  for  48  hours  in 
a  70  °C  oven  and  then  reweighed.  The  moisture  percentage  was  deter- 
mined on  a  fresh-weight  basis  [(fresh  leaf  weight — dry  leaf  weight)/ 
fresh  leaf  weight  X  100  =  %  moisture  content]. 

The  soil  moisture  content  was  determined  at  selected  time  intervals 
to  relate  soil  moisture  to  plant  leaf  moisture.  The  method  for  deter- 
mining soil  moisture  was  to  remove  a  soil  core  from  each  plot  with 
a  sampling  tube  and  determine  the  moisture  percentage  on  a  dry 
weight  basis  (2). 


464  Indiana  Academy  of  Science 

Results  and  Discussion 

The  mean  leaf  moisture  percentage  was  calculated  for  four  plants 
for  each  leaf  position  at  each  time  interval.  The  maximum  leaf 
moisture  contents  at  all  time  intervals  were  found  between  the  5th 
and  the  7th  leaf  (near  the  middle  of  the  plant).  The  moisture  content 
decreased  about  1  to  2%  from  Leaf  Position  7  to  Leaf  Position  10 
or  11,  but  then  increased  again  at  the  top  of  the  plant  (Leaf  Position 
12).  The  moisture  content  of  the  uppermost  leaves  was  generally 
lower  than  the  leaves  in  the  middle  of  plant.  Leaves  near  the  bottom 
of  the  corn  plant  were  in  advancing  stages  of  senescence  which  ac- 
counted for  lower  moisture  contents  at  Leaf  Position  1  and  2. 

Figure  2  shows  the  mean  moisture  contents  of  Leaf  Positions 
4,  7  and  10  with  the  corresponding  mean  soil  moisture  values  for 
the  8  time  intervals.  The  leaf  moisture  values  show  that  the  leaves 
near  the  middle  of  the  plant  have  a  slightly  higher  moisture  content 
than  leaf  positions  above  or  below  this  area.  The  mean  values  of 
Leaf  Number  7  range  from  a  high  of  about  82%  at  the  early  sampling 
intervals  to  a  low  of  about  75%  at  the  56  hour  interval.  The  soil 
moisture  decreased  from  22.8%  to  3.23%;  during  the  first  40  hours. 
The  lower  moisture  content  was  near  the  permanent  wilting  point 
(13). 

Analysis  of  variance  of  these  data  shows  that  the  effect  of  time 
intervals  on  leaf  moisture  content  is  significant  at  the  1%  level  (Table 
1).  Since  the  soil  moisture  content  was  decreasing  during  the  time 
intervals  and  is  responsible  for  the  decreasing  leaf  moisture,  this 
means  that  leaf  moisture  content  is  affected  significantly  by  soil 
moisture.  The  researcher  should  interpret  plant  moisture  values  with 
a  knowledge  of  the  stage  of  plant  growth,  soil  type,  transpiration 
rates,  and  other  variables. 


Table   1.     Analysis  of   variance   of   corn   leaf   moisture   change   at   different   leaf   positions 

during  a  64-hour  period. 


Source  of  variation 

df 

SS 

MS 

F 

Time 

7 

.74832 

.10690 

9.10** 

Plants 

3 

.06952 

.02317 

1.97 

Positions 

11 

25.47922 

2.31629 

284.56** 

Error    (a)    (time  x  plants) 

21 

.24683 

.01175 

Positions    x    time 

77 

.83225 

.01081 

1.33 

Error     (b) 

2(14 

2.14921 

.00814 

**  Significant  at  the  1%  level. 

The  effect  of  leaf  position  on  leaf  moisture  content  shows  a  high 
F  value.  This  value  was  rechecked  using  data  from  Leaf  Positions 
4  through  12.  The  results  of  this  analysis  were  very  similar  to  those 
shown  in  Table  1  but  the  levels  for  the  F  test  were  lower  for  the 
effect  of  time  and  positions.    These  results  indicate  that  leaf  position 
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Figure    2.     Mean    corn    leaf    moisture    variation    of    three    leaf    positions     compared    to 

change  in  soil  moisture. 


is  an  important  consideration  in  determining  leaf  moisture  content. 
The  sampling  of  leaves  from  different  plants  growing  at  varying  soil 
moisture  levels  is  recommended  for  more  interpretable  and  useful 
values  of  leaf  moisture  content. 

The  effect  of  different  plants  on  leaf  moisture  was  determined  and 
did  not  show  a  significant  difference.  This  result  as  well  as  nearly 
identical   marginal   means   for   the   individual   plants   indicates   that  the 
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plant  differences  did  not  affect  leaf  moisture  content.  The  interaction 

of  leaf  position  x  time  also  was  not  significant.    These  results  indicate 

that  the  effects  of  leaf  position  did  not  vary  with  the  decreasing  leaf 
moisture  content. 

The  leaf  moisture  showed  a  slight  increase  at  the  64-hour  interval 
when  compared  to  the  previous  time  interval  for  all  leaves.  This  re- 
flected the  early  morning  sampling  time;  as  the  greenhouse  lights  had 
been  off  the  previous  8  hours.  The  same  effect  could  be  seen  at  the 
16-hour  sampling  interval  but  not  at  the  40-hour  interval.  The  reason 
for  the  difference  at  the  40-hour  sampling  interval  was  that  the 
greenhouse  lights  were  turned  on  1  hour  prior  to  sampling.  Since  the 
soil  moisture  was  low  at  this  time,  the  leaf  moisture  taken  in  during 
the  night  would  be  used  quickly  in  transpiration  causing  the  decrease 
in  the  leaf  moisture  content.  The  importance  of  diurnal  effects  on 
leaf  moisture  and  the  time  of  sampling  is  indicated  by  this  example 
and  others  reported  elsewhere  (3,  4,  9). 

Conclusions 

1)  The  change  of  corn  leaf  moisture  follows  the  same  trend  as 
the  soil  moisture  changes  regardless  of  the  leaf  position  or  height 
of  the  leaf  on  the  plant.  However,  the  effect  of  leaf  position  on  leaf 
moisture  was  highly  significant.  If  samples  for  leaf  moisture  are 
collected  from  the  same  leaf  position  throughout  an  experiment,  the 
results  should  be  more  uniform  and  easier  to  interpret. 

2)  At  a  pre-tasseling  stage  of  growth,  the  leaves  near  the  mid- 
height  of  the  plant  have  the  highest  moisture  content  at  different 
soil  moisture  levels.  This  result  may  vary  at  other  stages  of  growth 
but  its  effects  should  be  considered  when  obtaining  leaf  samples. 

3)  The  diurnal  effect  can  greatly  change  leaf  moisture  content 
especially  at  low  soil  moisture  levels  (near  the  permanent  wilting 
point).  Leaf  samples  taken  early  in  the  morning  were  higher  in 
moisture  than  those  taken  later  in  the  day. 

4)  Leaf  moisture  appears  to  be  a  reasonable  index  of  available 
soil  moisture.  It  would  seem,  however,  that  one  must  have  information 
on  the  stage  of  maturity,  environmental  conditions  at  the  time  of 
sampling,  the  type  of  plant  and  the  type  of  soil  to  make  meaningful 
interpretations. 
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Abstract 

The  placing  of  plant  residues  or  other  loose  material  in  vertical  sits  in  the 
soil  is  called  vertical  mulching.  The  purpose  is  to  allow  surface  waters  to  enter  the 
soil  quickly,  so  that  runoff  and  erosion  are  reduced  and  the  plants  better  supplied  with 
water.  Experiments  in  Tippecanoe  County,  Indiana,  conducted  over  14  years,  did  not 
result  in  pronounced  runoff  reduction  nor  in  corn  jieid  increases.  While  the  principle 
of  vertical  mulching  is  sound,  several  factors  counteract  the  advantages.  Consequently 
the  method  can  not  be  recommended  for  situations  of  land  use,  soil,  and  climate 
similar  to  the  ones  of  these  experiments. 

Definition  and  Purpose 

The  placing  of  plant  residues  or  other  loose  material  in  vertical 
slits  into  the  soil  has  been  called  vertical  mulching.  The  purpose  of 
this  operation  is  to  allow  surface  water  to  enter  the  soil  quickly.  If 
this  is  achieved,  runoff  rates  and  amounts  are  reduced  as  is  erosion, 
water  is  well  distributed  through  a  greater  depth  and  is  not  lost  as 
much  by  evaporation  as  where  this  practice  is  not  used.  To  what 
extent  benefits  can  be  derived  from  vertical  mulching  will  be  discussed 
in  this  paper. 

Development  of  the  Idea 

For  a  number  of  years  in  the  1950's  experiments  were  conducted 
at  Purdue  University  with  subsoil  fertilization.  This  is  the  application 
of  fertilizer  in  vertical  slits  in  the  subsoil.  The  purpose  of  placing 
fertilizer  in  the  subsoil  is  twofold:  to  induce  deeper  penetration  of 
crop  roots  so  that  there  is  more  water  at  the  disposal  of  the  plants, 
and  secondly  that  these  roots  help  to  keep  the  slits  open  that  have 
been  cut  through  the  subsoil.  The  success  of  subsoil  fertilization  has 
been  erratic  as  far  as  yield  increases  are  concerned.  Numerous  tests 
have  shown  that  most  of  the  slits  closed  up  completely  after  one  or 
two  seasons.  There  was  no  pronounced  effect  on  rate  and  amount  of 
surface  runoff. 

It  was  therefore  suggested  by  Spain  (4)  to  keep  the  subsoil  slits 
open  with  plant  residues.  Beginning  in  1955  tests  were  conducted  with 
this  technique  at  Purdue  University  (2,  3,  5)  and  elsewhere  (1,  8). 
Specialized  equipment  was  prepared  for  the  purpose.  After  some  pre- 
liminary work,  research  was  started  in  1956  on  the  Purdue  Throck- 
morton Farm  to  determine  what  effect  vertical  mulching  has  on 
runoff,  soil  conditions,  and  crop  yields.  These  experiments  are  dis- 
cussed   in    this    paper.     Laboratory    studies    on    the    effect    of    vertical 
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mulching-  on  water  movement  into  the  soil  were  conducted  by  Swartz- 
endruber  (6,  7). 

Experimental 

Since  there  had  been  no  previous  experience  with  vertical  mulching, 
it  was  found  necessary  to  modify  the  experimental  design  and  methods 
from  time  to  time.  While  this  makes  a  strictly  statistical  evaluation 
impossible,  it  has  resulted  in  the  greatest  amount  of  information. 

The  experiment  was  conducted  on  15  small  watersheds  of  the 
Purdue  University  Throckmorton  Farm  with  the  purpose  of  studying 
not  only  the  effect  of  vertical  mulching  on  soil  and  crop  but  also  on 
runoff. 

The  watersheds  vary  in  size  from  2  to  3  acres  and  in  average  slope 
from  2  to  5%.  The  soils  are  silt  loams  of  prairie-timber  intergrade, 
derived  from  a  thin  loess  layer  over  calcareous  glacial  till.  In  general 
they  are  well  drained  and  had  been  well  fertilized  for  at  least  15 
years  before  the  experiments  began. 

From  1956  to  1965  the  land  use  was  corn-corn-oats  seeded  to  grass 
and  clover.  The  subsoil  treatments  were:  Subsoil  fertilization,  vertical 
mulching  and  no  subsoil  treatment. 

The  subsoiling  was  done  every  3  years  to  a  depth  of  20  inches 
with  an  application  of  approximately  50+50+50  (N,  P2O5,  K20)  per 
acre  in  the  subsoil.  The  spacing  was  about  4.5  feet  apart. 

Vertical  mulching  was  done  on  the  contour,  16  to  20  inches  deep 
and  with  a  spacing  of  80  inches.  This  was  changed  to  160  inches  in 
1957  and  to  340  inches  in  1967. 

No  fertilizer  was  applied  in  the  vertical  mulch  grooves  to  avoid 
rapid  bacterial  decomposition  which  might  shorten  the  period  of 
effectiveness  of  the  residues.  During  the  first  years  the  grooves  were 
left  open  only  until  spring  when  the  entire  area  was  tilled.  Since 
1962  both  vertical  mulching  and  tillage  was  in  straight  rows  and  the 
grooves  were  left  open.  Oats  were  replaced  by  corn  in  1966  resulting 
in  identical  land  use  on  all  watersheds  every  year.  This  was  done 
both  to  eliminate  a  variable  in  the  experiment  and  to  provide  for 
more  crop  residue  to  fill  the  vertical  mulch  grooves. 

Originally  vertical  mulching  was  done  by  the  combination  of  a 
forage  chopper  and  a  subsoiler  that  had  been  modified  to  keep  the 
slot  open  until  the  crop  residues  were  blown  in  immediately  behind 
the  subsoil  chisel.  A  commercial  company  developed  a  vertical  mulcher 
which  has  been  used  since  1963.  This  machine  picks  up  corn  stover 
or  other  crop  residue,  macerates  this  material  and  blows  it  into  a 
trench  opened  up  by  a  chisel. 

A  gasoline  engine  is  mounted  on  the  vertical  mulcher  to  provide 
the  power  for  the  chopper  and  blower.  Since  the  machine  is  very 
heavy  and  opens  up  a  deep  and  wide  trench  it  requires  a  tractor  of 
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more  than  normal  power,  a  condition  which  restricts  the  usefulness  of 
this  technique.  The  loosened  soil  forms  a  ridge  on  both  sides  of  the 
trench  and  hinders  the  entry  of  surface  water  into  the  groove.  There- 
fore in  1966  wings  were  attached  to  the  subsoiler  to  spread  out  this 
soil. 

Experiences 

Vertical  mulching — as  any  subsoiling — has  to  be  done  when  the 
subsoil  is  only  slightly  moist  to  avoid  puddling.  Consequently  under 
Indiana  conditions,  it  is  done  in  late  summer  or  fall. 

Green  plant  material  shrinks  and  decomposes  too  fast  in  the  soil 
to  be  of  much  value  for  vertical  mulching.  Mature,  dry  plant  material 
is  preferable  because  it  maintains  porosity  longer.  Corn  stover  proved 
to  be  the  most  useful  choice.  Corn  dries  up  toward  the  end  of  October. 
At  best,  this  leaves  only  a  short  time  when  vertical  mulching  can  be 
done  successfully,  since  subsoils  are  usually  wet  by  December. 

While  it  was  recognized  that  the  best  results  with  vertical  mulch- 
ing can  be  obtained  where  the  channels  stay  open  to  the  surface, 
in  the  first  years  (until  1961)  these  channels  were  closed  by  cultivation 
just  prior  to  planting  corn.  The  channels  were  placed  on  the  contour 
while  the  planting  was  done  in  straight  rows.  This  system  was 
changed  in  1962  by  putting  both  the  vertical  mulching  and  the  corn 
in  straight  and  parallel  rows.  This  made  it  necessary  to  allow  for 
some  extra  space  between  the  channels  and  the  first  row  of  corn,  to 
avoid  filling  up  the  groove  with  soil  during  tillage  and  cultivation. 

Originally  (1956-1964)  a  rotation  of  corn,  corn,  oats  with  an  inter- 
crop was  used,  but  it  became  obvious  that  the  oat  stubble  together 
with  the  grass  and  legume  intercrop  did  not  provide  sufficient  bulk  to 
fill  the  vertical  mulch  channels.  For  one  year  (1965)  a  sorghum- 
sudan-grass  hybrid  ("Sudex")  was  tried,  again  with  unsatisfactory 
results.  Consequently,  we  changed  to  continuous  corn.  A  shorter 
season  hybrid  was  used  for  the  third  year,  the  one  preceding  vertical 
mulching  in  the  fall  to  allow  more  time  for  this  operation.  At  16 
foot  spacing  and  2  pounds  of  stover  per  running  foot,  5,400  pounds 
of  stover  are  needed  per  acre.  The  amount  actually  available  seldom 
exceeded  3,200  pounds /acre.  Besides,  the  machine  cannot  pick  up  all 
of  the  stover  from  the  ground.  It  was  resorted  to  importing  stover 
from  other  fields,  a  rather  cumbersome  undertaking.  To  avoid  this 
extra  labor,  beginning  in  1967,  the  vertical  mulch  channels  were 
separated  by  eight  instead  of  four  corn  rows.  This  supplied  sufficient 
material  to  fill  the  channels  but  required  windrowing  the  stover  with 
a  side  delivery  rake.  Of  course  it  has  the  disadvantage  of  having 
fewer  channels  t>er  acre. 

In  order  not  to  disturb  the  vertical  mulch  channels  by  cultivation 
of  the  corn  a  space  of  32  inch  width  was  allowed  for  it.  This  reduces 
the  area  that  can  be  used  effectively  for  growing  of  corn.  Depending 
on   the   number   of   corn   rows   between   channels   and   on   the   width   of 
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the  corn  rows  this  reduction  may  be  between  16  and  9%  of  the  total 
area.  Quite  obviously  this  is  not  a  net  loss  in  productive  capacity 
since  moisture,  nutrients  and  light  are  available  to  the  corn  bordering 
the  channels  in  greater  amounts  than  in  the  ordinary  stand. 

One  of  the  problems  encountered  with  vertical  mulching  is  the 
control  of  weeds  over  the  channels.  Mechanical  control  is  difficult 
because  the  soil  stirred  up  by  a  cultivator  cannot  be  permitted  to 
fall  into  the  grooves.  Besides  in  ordinary  practice  there  is  no  culti- 
vator shovel  that  would  reach  the  channel  since  it  is  three  feet  away 
from  the  nearest  corn  row.  For  the  same  reason  use  of  herbicide 
requires  special  equipment.  Experience  has  shown  that  in  most  years, 
in  spite  of  an  attempt  of  herbicide  treatment,  weed  control  was  in- 
adequate. 

Results 
Runoff 

During  much  of  the  time  of  this  experiment  the  runoff  recording 
equipment  was  inadequate.  From  the  beginning  until  1966  dextrin 
coated  wooden  rods  inside  of  perforated  steel  tubes  were  used  as  peak 
stage  recorders.  These  rods  were  placed  in  the  center  of  the  flume  at 
the  outlet  of  the  watershed.  In  theory  the  yellow  colored  dextrin 
was  dissolved  and  removed  by  the  water,  leaving  the  rod  yellow  above 
the  high-water  mark.  Actually  this  line  was  seldom  very  clear.  This 
method  also  does  not  give  information  about  the  amount  of  runoff. 
Finally  in  1967  sufficient  funds  became  available  to  procure  mechanical 
water  stage  recorders  for  most  of  the  watersheds.  Records  from  these 
instruments  and  the  peak  stage  recorders  as  well  as  observations  in 
the  field  during  rain  storms  have  shown  that  generally  runoff  rates 
and  amounts  from  the  vertically  mulched  areas  were  lower  than  from 
the  untreated  areas.  The  differences  however  were  not  large  and  in 
a  few  cases  the  results  were  reversed.  It  must  be  understood  that  the 
techniques  of  vertical  mulching  has  changed  during  the  life  of  the 
experiment  and  that  a  satisfactory  method  was  achieved  only  in  the 
last  years.  The  trend  has  been  toward  more  effective  control  of 
runoff  toward  the  end  of  the  period. 

Soil  Moisture 

Consistently  in  spring  and  early  summer  more  moisture  was  found 
in  the  soil  immediately  adjoining  the  channels  than  in  untreated  soil. 
During  the  summer  and  fall  no  such  differences  were  found  to  exist, 
probably  because  of  the  greater  use  of  water  by  the  roots  of  corn  and 
weeds  near  and  in  the  channels. 

Structure 

Soil  on  the  side  of  the  channel  was  found  consistently  to  have  a 
higher  aggregation  index  than  soil  20  inches  away  from  the  groove. 
A  study  in  1965  showed  that  the  aeration  capacity  in  the  groove 
at  10  inches  depth  averaged  20.2 %   while  untreated  soil  had  only  8.4%. 
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A  thorough  investigation  in  1969  revealed  that  the  effective  half 
life  of  the  vertical  mulch  groove  is  about  3  years  (Fig.  1).  As  the 
organic  residues  in  the  groove  are  decomposed  the  soil  closes  up 
and  after  5  or  6  years  no  difference  in  aeration  porosity  could  be 
detected. 
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YEARS  AFTER  VERTICAL  MULCHING 

Figure    1.      Change    of    aeration    porosity    with    time    in    vertical    mulch    channels    (25-30 
cm).    Porosity    ratio    =    aeration    porosity    in    vertical    mulch    channels /aeration    porosity 

in  untreated  soil. 


Organic  Matter 

Table  1  shows  the  amounts  of  organic  matter  in  the  grooves  at 
various  depths  and  various  times  after  application.  It  is  obvious 
that  there  is  a  considerable  increase  of  organic  matter  compared  to 
the  untreated  areas.  A  year  after  application  the  organic  matter 
content  was  found  to  be  between  two  and  five  times  as  high  as  in 
untreated  soil.  Even  after  10  years  there  was  1.5  times  as  much  organic 
matter  in  the  grooves  (Fig.  2). 

Plant  Nutrients 

No  determinations  of  nitrogen  were  made  but  it  can  be  assumed 
that  it  performed  somewhat  parallel  to  organic  matter.  The  increase 
of  phosphate  compared  to  untreated  soil  was  phenomenal.  Also,  po- 
tassium was  much  higher  in  the  grooves  than  in  the  untreated  soil. 
But  pH,  calcium  content  and  magnesium  content  were  hardly  affected 
by  vertical  mulching  (Table  2).  The  data  in  Table  2  represent  results 
from  nine  different  vertical  mulch  areas  that  were  sampled  in  1969. 
Since  the  data  were  rather  consistent  in  spite  of  the  age  of  the  treat- 
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ments    and    the    depths    of    sampling:    (25-30    cm    and    35-40    cm)    only 
averages  are  presented. 
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Figure    2.       Organic    matter    content    ratio    in    the    subsoil    (25-30    cm).     Organic    matter 
ratio     =     organic    matter     %     in    vertical    mulch     channels /organic     matter     %     in    un- 
treated soil. 

Table    2.     Soil    fertility    components    in    vertical    mulch    groove    and    in    untreated    soil. 

Vertical  Mulch  Groove         Untreated 


Available     P 
Available      K 
Exchangeable    Ca 
Exchangeable     Mg 
Organic     Matter 
PH 


26.4  ppm 

1.6  ppm 

192 

111 

530 

1660 

330 

370 

2.95   % 

1.04   % 

6.1 

5.8 
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Crop  Growth 

For  a  number  of  years  it  was  found  that  the  stand  of  corn  plants 
in  the  rows  adjacent  to  the  vertical  mulch  channels  was  slightly- 
smaller  than  in  the  rest  of  the  field  due  probably  to  soil  clods  that 
interfered  with  planting-.  This  was  partially  compensated  by  larger 
ears.  This  situation  was  overcome  in  1966  with  the  installation  of 
wings  on  the  subsoiler  which  smoothed  out  the  soil  thrown  out  on 
both  sides  of  the  groove. 

Yields  varied  greatly  from  year  to  year.  Yields  per  unit  length 
of  row  in  the  vertical  mulched  watersheds  and  in  the  check  water- 
sheds did  not  vary  significantly  over  the  years,  with  a  slight  advantage 
in  favor  of  the  vertical  mulched  areas.  However,  due  to  the  fact  that 
from  9  to  16%  of  the  area  was  used  for  the  vertical  mulch  channels, 
the  net  yield  per  acre  was  slightly  lower  for  the  vertical  mulched 
watersheds. 

Corn  roots  appeared  to  concentrate  in  the  vertical  mulch  chan- 
nels; however,  no  quantitative  measurements  were  made. 

Conclusions  and  Suggestions 

While  the  principle  of  vertical  mulching,  i.e.,  permitting  the 
surface  water  to  enter  the  soil  through  large  openings  maintained  by 
organic  residues,  appears  very  promising,  in  actual  practice  no  great 
benefits  have  been  evident  under  the  conditions  of  these  experiments. 

Runoff  was  neither  reduced  materially  nor  were  the  yields  in- 
creased. Part  of  this  can  be  explained  by  faulty  techniques  used  be- 
cause of  inexperience  and  lack  of  the  proper  implements.  The  value  of 
vertical  mulching  is  to  open  up  tight  soil.  Actually  the  soil  of  the 
Throckmorton  Farm,  where  the  experimental  watersheds  are  located, 
is  fairly  pervious  and  sufficiently  aggregated  to  permit  a  satisfactory 
rate  of  infiltration.  An  inherent  fault  of  vertical  mulching  is  that 
most  of  the  crop  residue  is  removed  from  the  surface  and  cannot 
serve  to  mulch  and  protect  the  soil  surface.  The  effect  of  mulch  on 
reducing  runoff  and  erosion  is  well  known.  The  advantage  of  greater 
intake  of  water  in  the  grooves  is  at  least  partially  nullified  by  the 
heavy  growth  of  weeds  that  covered  these  channels  in  practically 
every  year  of  the  experiment. 

The  crop  that  followed  vertical  mulching  was  corn  and  in  the 
latter  part  of  this  work  continuous  corn  was  used.  It  is  problematic 
whether  a  meadow  crop  may  have  gained  more  from  vertical  mulching. 

The  lack  of  effect  on  corn  yields  may  be  explained  by  the  com- 
bination of  three  factors  that  are  favorable  for  water  supply  to  the 
corn  roots  in  the  area  used  for  this  experiment:  a  generally  ample 
rainfall  in  the  summer  months;  a  fairly  large  water  holding  capacity 
of  the  soils;  and  the  rather  favorable  drainage  and  aeration  condi- 
tions that  allow  the  roots  to  penetrate  deeply  with  the  result  that 
large  volumes  of  soil  water  is  at  their  disposal.    In  California,  vertical 
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mulching  used  with  irrigation  on  tight  soils  has  given  increased  yields 
of  alfalfa  and  orchard  crops. 

The  over-all  conclusion  is  that  the  possible  benefits  of  vertical 
mulching  of  corn  land  in  Indiana  are  outweighed  by  the  cost,  the 
time  and  the  concomitant  disadvantages  of  this  technique. 

Nevertheless,  it  must  not  be  overlooked  that  it  is  possible  that 
a  modification  of  vertical  mulching,  using  the  proper  implements,  may 
well  show  it  to  be  a  very  profitable  operation. 

Any  research  that  is  based  on  field  observations  and  is  dependent 
on  the  vagaries  of  the  weather  is  slow  in  giving  clear-cut  results. 
This  is  especially  true  where  the  technique  to  be  tested  is  not  clearly 
defined  from  the  beginning.  Nevertheless  it  seems  to  be  safe  to  state 
that  vertical  mulching  of  corn  fields  on  soils  with  fair  infiltration  and 
percolation  capacities  is  of  little  value.  This  refers  to  the  vertical 
mulch  systems  used  in  this  experiment.  If  vertical  mulching  would 
be  used  under  other  conditions  its  value  may  be  considerable.  Such 
changes  of  conditions  refer  to  the  nature  of  the  soil,  the  steepness 
of  the  slope,  the  intensity  of  rainfall,  the  need  for  irrigation,  the  type 
of  crop,  and  the  depth  and  spacing  of  the  channels. 

In  view  of  the  great  amount  of  erosion  that  continues  to  threaten 
our  fields  it  seems  highly  advisable  to  proceed  with  research  on  vertical 
mulching.  Depth,  width  and  spacing  of  the  channels  should  be  modi- 
fied and  soils  should  be  chosen  that  have  an  infiltration  problem. 
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The  Effect  of  Altitude  on  the  Multispectral  Mapping 
of  Soil  Organic  Matter1 

Emil  Horvath,  Oscar  Montgomery^  and  Barbara  Van  Zile? 
Agronomy  Department,  Purdue   University,  Lafayette,  Indiana  47907 

Abstract 

Spectral  data  obtained  from  three  altitudes  were  studied  and  compared  using  an 
IBM  360/44  computer.  Surface  soil  samples  were  collected  from  a  selected  test  site 
and  analyzed  for  organic  matter  content.  Scanner  data  and  pattern  recognition 
techniques  were  used  to  prepare  maps  which  depicted  distribution  over  the  landscape 
of  surface  soils  with  various  levels  of  organic  matter.  The  highest  percent  correct 
classification  was  obtained  from  the  lowest  flight  altitude  data,  that  is,  3,000  feet. 
Statistical  correlations  were  obtained  between  organic  matter  content  and  reflectance 
data  from  all  three  altitudes.  The  5,000-foot  altitude  data  had  the  highest  correlation 
for  most  channels  and  in  the  multiple-regression  studies.  Polynomial-regression  studies 
indicated  the  possible  existence  of  a  non-linear  relationship  between  organic  matter 
and  reflectance  in  some  wavelengths. 

Introduction 

It  is  becoming  increasingly  important  for  man  to  obtain  complete 
and  accurate  data  concerning  the  land,  vegetation,  water,  and  mineral 
resources  of  the  earth.  If  this  information  could  be  gathered  rapidly 
and  accurately,  it  could  be  useful  in  natural  resource  planning,  crop 
yield  prediction,  and  pollution  detection  (3,  4). 

Studies  are  being  conducted  at  the  Laboratory  for  Applications  of 
Remote  Sensing  (LARS)  at  Purdue  University  to  establish  the  potential 
of  remote  sensing.  Remote  sensing  may  be  defined  as  the  identification 
and  determination  of  characteristics  of  physical  objects  through  the 
analysis  of  measurements  obtained  from  a  measuring  device  that  does 
not  come  in  physical  contact  with  the  objects.  Airborne-optical-me- 
chanical scanners  are  used  to  obtain  relative  measurements  of  energy 
radiated  from  single  resolution  elements  on  the  ground.  These  measure- 
ments can  be  recorded  in  as  many  as  18  wavelength  bands  representing 
the  electromagnetic  spectrum  from  0.40  to  14  fi  m.  They  are  recorded 
on  magnetic  tape  in  the  analog  form  and  later  digitized  for  analysis 
by  LARS  data-processing  systems. 

The  size  of  the  resolution  elements  or  remote  sensing  units 
(RSU's)  increases  with  an  increase  in  the  altitude  from  which  the 
scanner  data  are  collected.  The  primary  objective  of  this  research 
was  to  determine  the  effects  of  altitude  on  multispectral  "maps"  based 
on  organic  matter  content  of  soils.  Baumgardner  et  al.  (2)  have 
established    the    feasibility    of    relating    multispectral    scanner    data    to 
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Allis  High  School,  West  Allis,  Wisconsin,  respectively.  Research  conducted  at  the 
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organic  matter  content  of  soils.  They  used  scanner  data  and  pattern 
recognition  techniques  to  prepare  maps  which  depicted  distribution 
over  the  landscape  of  surface  soils  with  various  levels  of  organic 
matter. 

Methods  and  Materials 

Scanner  data  were  collected  at  3,000-,  4,000-,  and  5,000-foot  altitudes 
over  Flightline  24  (2)  in  Tippecanoe  County,  Indiana.  A  100-acre 
farm,  Soil  Test  Area  5  (STA5),  was  selected  for  intensive  soil  studies. 
This  farm  lies  in  a  transitional  zone  between  prairie  and  forest  soils. 
The  darker-colored-depressional  soils  have  been  formed  under  prairie 
vegetation;  the  lighter-colored  soils  ("high  ground")  under  forest 
vegetation  (Fig.  1).  Small  areas  of  transitional  soils  are  also  present. 
The  parent  material  is  primarily  of  glacial  origin.  In  the  northern 
section  of  the  farm,  deep  silts  are  found,  whereas  the  southern  section 
is  mainly  till. 

Ground  truth  data  used  for  the  classification  of  organic  matter 
consisted  of  193  surface-soil  samples  taken  on  a  150-foot  interval 
grid  pattern  on  STA5.  Samples  were  taken  to  a  maximum  depth  of 
1  inch.  The  organic-matter  content  of  each  sample  was  determined 
by  laboratory  analysis  (5).  The  samples  were  divided  into  five  classes 
based  on  organic-matter  content  following  Alexander  (1). 

Pictorial  gray-scale  computer  printouts  representing  magnitude  of 
reflectance  from  each  RSU  were  obtained  for  each  altitude.  The 
printouts  were  gridded  into  193  blocks  corresponding  to  the  193  loca- 
tions where  soil  samples  had  been  collected.  A  set  of  reflectance  data 
("training  sample")  representative  of  each  soil-sample  location  was 
selected  and  used  to  compute  statistics  (mean  vectors  and  covariance 
matrices)  for  each  of  the  organic  matter  classes  (Table  1).  Based 
on  these  statistics  a  maximum-likelihood  classifier  was  used  to  classify 
the  "training  samples." 

Table  1.     Five  organic  matter  classes  and  number  of  "training  samples" 
in  each  class  (STA5). 


Percent  Organic  Matter 


No.  of  Training  Samples 


3.5 
2.5-3.5 

2.0-2.5 

1.5-2.0 

0-1.5 


The  numbers  of  RSU's  used  for  each  "training  sample"  were  16 
at  3,000  feet,  12  at  4,000  feet,  and  9  at  5,000  feet. 

The  four  channels  found  to  be  best  for  separating  the  classes  were 
channels  8,  10,  11,  and  12  (Table  2)  for  both  the  4,000-  and  5,000-foot 
flights.    Channels  1,  7,  10,  and  11  were  the  best  for  the  3,000-foot  flight. 
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FIGURE  1.      Aerial  photograph  of  Soil  Test  Area  5  (STA.5). 
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Table  2.      Combinations  of  channels  which  gave  highest  multiple  correlation 
coefficients  at  various  altitudes. 


3,000  feet 

4,000  feet 

5,000  feet 

Channel(s)1 

MCC- 

Channel(s)1 

MCC- 

Channel  (s)1 

MCC2 

7 

0.49 

s 

0.53 

8 

0.65 

7,3 

0.67 

8,4 

0.59 

8,5 

0.73 

7,3,1 

0.72 

8,4,2 

0.61 

8,5,11 

0.74 

Twelve 

Twelve 

Twelve 

Channels 

0.72 

Channels 

0.62 

Channels 

0.76 

1  Channel     numbers     and     wavelengths     are 
3,   0.53-0.55  ;   4,   0.55-0.58  ;   5,   0.58-0.62  ;   6,   0.62-0.1 
10,  1.00-1.40;  11,  1.50-1.80;  12,  2.00-2.60. 

2  MCC=Multiple  Correlation  Coefficient. 


follows:     1,     0.40-0.44;     2,     0.46-0.48 
I,   0.66-0.72;   8,   0.72-0.80;   9,   0.80-1.00 


Results  and  Discussion 

Figures  2  and  3  are  computer  "maps"  based  on  organic  matter 
content.  Results  of  classifying  the  RSU's  in  the  "training  samples" 
revealed  over-all  correct  classifications  of  40  to  50%,  being  greatest 
using  3,000-foot  data.  These  low-classification  percentages  were  prob- 
ably due  to  the  problem  of  locating  the  "training  samples"  on  the 
printout.  At  the  3000-foot  altitude  each  RSU  represented  approximately 
81  ft-,  at  4,000  feet  approximately  144  ft2,  and  at  5,000  feet  approxi- 
mately 225  ft-.  The  soil  samples  were  taken  in  the  field  from  an  area 
of  approximately  25  ft2.  Therefore  each  "training  sample"  on  the 
printout  represented  a  larger  area  than  that  which  was  actually 
sampled  in  the  field. 

To  evaluate  the  classification  based  on  organic  matter,  another 
test  site  10  miles  away  on  the  same  flightline  was  mapped  using  STA5 
training  samples.  This  particular  site  (Soil  Area  D  of  Baumgardner 
et  al.)  (2)  was  chosen  because  the  organic  matter  content  and  the  loca- 
tion of  73  surface  soil  samples  had  been  established.  The  locations  of 
these  samples  were  found  on  the  printout  and  used  as  "test  samples." 
Classification  results  for  these  "test  samples"  were  72.7%  correct 
using  data  from  the  3,000-foot  altitude. 

To  determine  the  strength  of  the  relationship  between  spectral 
reflectance  and  organic  matter  content,  stepwise  multiple-regression 
procedures  were  used.  Correlation  coefficients  (r  values)  were  ob- 
tained for  each  altitude  (Fig.  4).  Stepwise  multiple-regression  results 
are  presented  in  Table  2. 

As  shown  in  Figure  4,  the  correlation  coefficients  generally  in- 
creased as  the  flight  altitude  increased.  Table  2  presents  the  combina- 
tions of  channels  selected  to  achieve  the  highest  correlation  coefficient 
at  each  step. 

In  stepwise  multiple-regression,  the  existence  of  a  linear  correla- 
tion between  the  spectral  data  and  organic  matter  was  assumed.  To 
investigate   the   possibility   of   a   non-linear    relationship,    polynomial-re- 
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FIGURE  2.      Computer  classification  of  organic  matter  content  of  STA5  (3,000-foot  altitude). 
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CLASS 

THRES  PCT 

CLASSES 

SYMBOL 

CLASS 

SYMBOL 
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NUMBER  OF  POINTS  DISPLAYED  ARE     3843 

Figure  3.  Computer  classification,  of  organic  matter  content  of  STA5   (5,000-foot  altitude). 


gression  studies  were  conducted.  Figure  5  shows  the  curve  obtained  from 
3,000-foot  data  for  Channel  7,  which  was  similar  to  the  curves  for  most  of 
the  other  channels.  The  polynomial  regression  curves  for  the  other 
two  flight  altitudes  were  similar.  The  quadratic  effects  were  not 
statistically  significant  at  the  a=r0.05  level  for  any  of  the  three  sets 
of  data  shown. 
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Figure    4.      Correlation    coefficients    between    average    radiance    in    each    ivavclcngth     band 
and  organic  matter  content  for  each  of  three  altitudes. 
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Figure    5.     Polynomial    regression   of    organic    matter    on   average    radiance    in    Channel    7 

(3,000-foot  altitude). 
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ABSTRACTS 

A  Study  of  Cecal  Helminths  of  the  House  Mouse,  Mus  musculus  L.,  in 
Delaware  County  Indiana.  Dorothy  Adalis  and  Larry  Scherich, 
Department  of  Biology,   Ball   State   University,   Muncie,   Indiana  47306. 

Cecal  helminths  were  removed  from  180  house  mice,  Mus  musculus 

L,,  that  were  snap-trapped  from  two  sites  in  Delaware  County,  Indiana, 
over  a  4-month  period  from  October  through  January  1968-69.  Two 
common  nematodes  found  in  the  cecum  of  Mus  were  Syphacia  obvelata 
and  Aspiciduris  tetraptera.  More  than  half  of  the  total  number  of 
hosts  examined  were  infected  with  these  two  helminths.  Syphacia 
obvelata  was  found  in  88  of  the  180  mice  or  48.8  per  cent  of  the  total 
examined.  A  single  host  had  120  worms.  Aspiculuris  tetraptera  was 
found  in  73  of  the  180  mice  or  40  per  cent.  The  highest  incidence 
in  a  single  host  was  110.  Both  of  these  helminths  have  direct  life 
cycles.  The  frequency  of  cecal  infection  was  statistically  analyzed 
using  chi-square  methods  with  variables  of  infected  versus  non-infected 
based  on  the  age  and  sex  of  the  host  and  the  month  of  trapping. 
Statistically,  there  was  no  significant  variation  in  the  number  of  in- 
fected and  non-infected  hosts  due  to  age,  sex,  or  month  of  trapping. 

Indiana  Turtles:  Distribution  Patterns  and  Present  Status  of  Popula- 
tions.     Sherman     A.     Minton,     Indiana     University     Medical     Center, 

Indianapolis,    Indiana    46202. Fifteen    species    of    turtles    have    been 

recorded  from  Indiana.  Five  species  inhabit  a  variety  of  aquatic 
habitats  without  showing  marked  preference  for  a  particular  type. 
Five  other  species  are  distributed  along  major  stream  drainages  and 
show  a  definite  preference  for  stream  situations.  Graptemys  and 
Trionyx  have  a  species  in  each  of  these  groups.  Three  species  show 
distribution  patterns  associated  with  a  particular  type  of  pond  or 
marsh  habitat.  The  two  species  of  box  turtle  are  terrestrial,  Terrapene 
Carolina  being  an  inhabitant  of  hardwood  forest  and  T.  ornata  of  sandy 
prairie. 

Two  turtle  species,  Macroclemys  and  Pseudemys  concinna,  have  not 
been  recorded  from  Indiana  for  at  least  20  years  and  must  be  presumed 
extinct  or  nearly  so.  Both  were  limited  to  the  extreme  southwestern 
tip  of  the  state.  Kinosternon  has  not  been  recorded  for  18  years  but 
is  so  secretive  and  inconspicuous  that  it  probably  still  persists.  Clemmys 
and  Emydoidea  have  decreased  greatly  in  numbers  since  the  1930's, 
and  some  populations  are  extinct.  Box  turtles  are  declining  in  abun- 
dance.   Chelydra,  Sternothaerus,  Graptemys  geographica  and  Chrysemys 
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take  advantage  of  artificial  impoundments  and  may  be  increasing  their 
numbers.  The  status  of  the  other  species  is  unknown,  but  they  are 
not  believed  endangered  over  most  of  their  Indiana  ranges. 

Physiological  Response  to  Submergence  Asphyxia  of  Crocodilian  Circu- 
latory Systems.    Richard  G.  Pflanzer,  Department  of  Zoology,  Indiana 

University,  Bloomington,  Indiana  46740. Three  species  of  crocodilians 

were  investigated  with  regard  to  comparative  circulatory  responses  to 
submergence  asphyxia.  Species  of  Alligator  mississippiensis,  Caiman 
sclerops,  and  Paleosuchus  trigonatus  ranging  from  1  to  2  meters  in  length 
and  weighing  from  2  to  18  kilograms  were  chosen  for  the  study.  Cine- 
angiocardiography  of  the  right  and  left  heart  in  A.  7nississippiensis 
and  C.  sclerops  confirmed  complete  separation  of  pulmonary  and  systemic 
circuits  under  aerobic  conditions.  Intraventricular  and  intra-aortic  pres- 
sures, as  measured  by  direct  needle  puncture  technique  with  continuous 
recording,  substantiate  radiographic  data  and  further  indicate  mainte- 
nance of  separation  of  pulmonary  and  systemic  circuits  during  sub- 
mergence asphyxia.  Analysis  of  blood  oxygen  and  carbon  dioxide 
before,  during,  and  after  submergence  support  radiographic  and  pres- 
sure data  concerning  possible  development  of  a  shunt.  Caiman  sclerops 
and  A.  7nississippiensis  exhibited  during  bradycardia,  however,  P. 
trigonatus  was  found  to  exhibit  tachycardia  in  response  to  experimental 
diving. 

Function  of  Extraoptic  Photoreceptors  in  Amphibian  Behavior:  I.  Ma- 
nipulation   of    the    Biological    Clock. i      Kraig    Adler,    Department    of 

Biology,    University    of   Notre    Dame,   Notre    Dame,    Indiana   46556. 

The  circadian  locomotor  rhythm  of  eyeless  green  frogs  (Rana  clamitans) 
responds  to  changes  in  photoperiod  in  the  same  manner  as  do  the  rhythms 
of  normal  sighted  individuals.  This  rhythm  can  be  phase-shifted  and 
entrained,  with  or  without  eyes  being  present,  by  shifting  the  timing 
of  the  "lights-on"  cue.  This  ability  to  respond  to  light  is  lost,  however, 
in  blinded  frogs  which  also  lack  a  frontal  organ  (also  called  pineal 
end  organ,  but  not  to  be  confused  with  the  pineal  body),  a  structure 
situated  in  the  dermis  on  top  of  the  head;  such  animals  behave  as 
if  they  were  in  constant  darkness.  These  behavioral  data  are  in 
accord  with  ultrastructural  and  neurophysiological  studies  of  the 
frontal  organ  which  suggest  that  it  is  a  functional  photoreceptor. 

Function  of  Extraoptic  Photoreceptors  in  Amphibian  Behavior:  II.  Com- 
pass Orientation.-  Douglas  H.  Taylor,  Department  of  Biology,  Uni- 
versity   of    Notre    Dame,    Notre    Dame,    Indiana    46556. Extraoptic 

photoreceptors  (EOPs)  located  in  the  brain  of  the  cricket  frog  (Acris 
gryllus)  and  tiger  salamander  (Ambystoma  tigrinum)  are  capable 
of  receiving  light  for  entrainment  of  biological  clocks  and  also  capable 
of  perceiving  celestial  cues  to  be  used  for  compass  orientation.  Eye- 
less frogs  and  salamanders  continued  to  orient  on  a  trained  com- 
pass   course    in    a    test    arena    devoid    of    all    landmarks    but    in    view 
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of  the  sky;  if  the  dorsal  surface  of  the  head  in  such  animals  was 
covered  with  light-proof  plastic  they  gave  random  responses.  In 
control  tests,  eyeless  frogs  and  salamanders  which  had  the  dorsal 
surface  of  their  head  covered  with  clear  plastic  continued  to  make 
correct  directional  choices. 

Effects  of  Prolonged  Subculturing  on  Morphology  of  Nasal  and  Gastric 
Porcine  Trichomonads.  James  W.  Townsend,  Department  of  Life  Sci- 
ences, Indiana  State  University,  Evansville  Campus,  Evansville,  Indiana 
47712,  and  Benton  W.  Buttrey,  Department  of  Zoology  and  Entomology, 

Iowa  State  University,  Ames,  Iowa. Nasal  and  stomach  trichomonads 

of  swine  were  cultured  in  a  modified  cysteine  monohydrochloride-peptone- 
liver  infusion-maltose  medium  (CPLM)  for  a  period  of  12  years. 
Preparations  of  the  original  populations  and  of  cultures  were  stained 
with  iron  haematoxylin  and  with  protargol.  Measurements  of  general 
size  and  form,  blepharoplast,  nucleus,  parabasal  body,  axostyle,  costa, 
undulating  membrane,  anterior  flagella  and  recurrent  flagellum  were 
used  in  the  comparison.  Initial  morphological  differences  between  the 
two  strains  became  less  pronounced  upon  prolonged  subculture.  Re- 
sults obtained  with  the  stomach  trichomonad  showed  most  of  the 
morphological  changes  to  have  occurred  by  the  second  subculture. 
Original  morphological  differences  were  attributed  to  environmental 
differences  in  the  sites  of  infection,  and  both  strains  were  concluded  to 
be  Tritrichomonas  suis. 

NOTE 

Calorigenic  Contribution  of  Brown  Fat  in  Tamias  striatus.  Richard  E. 
Schaffer,    Department    of    Zoology,    Indiana    University,    Bloomington, 

Indiana    47401. The    effects    of   extirpation    of   most   of   the    axillary 

brown  fat  pad  on  the  calorigenic  response  to  intravenously  infused 
1-norepinephrine  (NE)  in  cold-acclimated  and  warm  room  control 
Tamias  striatus  were  investigated.  Chipmunks  had  been  cold-acclimated 
at  least  6  weeks  during  the  winter  months  at  5  degrees  Centigrade 
and  complete  darkness.  Many  of  these  animals  were  observed  in 
torpor.  Control  chipmunks  had  been  housed  at  22  degrees  Centigrade 
and  a  12-hour  photoperiod  for  6  months.  Norepinephrine  was  intra- 
venously infused  through  the  tail  vein  for  30  minutes  at  a  rate  of 
0.3  micrograms/100  grams/minute.  Calorigenic  responses  were  deter- 
mined by  oxygen  consumption  changes  in  an  open  system  and  heart 
rate  measurements.  Infusions  were  performed  in  intact,  sham-operated 
and  post-operated  chipmunks,  each  animal  usually  serving  as  its  own 
control.  Post-operative  infusions  were  performed  immediately  after 
or  the  next  day,  and  on  days  three  and  seven. 

Extirpation  of  most  of  the  axillary  brown  fat  pad  of  control 
Tamias  striatus  had  virtually  no  effect  on  the  enhanced  calorigenic 
responses  to  norepinephrine,  neither  immediately  nor  up  to  7  days 
after  removal.  Similarly,  no  effect  could  be  detected  in  the  cold- 
acclimated,  non-torpor  experiencing  chipmunks.  Both  these  groups 
of    animals    evidenced    mean    fold    oxygen    consumption    increases    of 
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1.5  to  2.0  upon  norepinephrine  infusions.  Cold-acclimated,  torpor 
experiencing  Tamias  striatus,  on  the  other  hand,  evidenced  significantly 
(P<.01)  greater  mean  fold  oxygen  consumption  increases  of  4.0  to 
4.3  during  the  intact  and  sham-operative  infusions.  After  extirpation 
of  most  of  the  axillary  brown  fat  pad  these  mean  fold  increases 
were  significantly  (P<.01)  reduced  to  means  of  2.2.  Extirpation  effects 
were  immediate  and  did  not  change  through  days  3,  7  and  up  to 
60  days  post-operative.  These  results  have  indicated  that  in  Tamias 
striatus  which  have  experienced  several  periods  of  torpor  the  brown 
fat  tissue  is  the  principal  site  of  the  enhanced  calorigenic  response 
to  intravenously  infused  norepinephrine.  It  is  further  postulated  that 
the  calorigenic  activity  of  brown  fat  in  Tamias  striatus  plays  an  im- 
portant role  in  the  rewarming  of  this  species  from  natural  torpor. 
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Abstract 

The  digestive  tracts  of  122  meadow  voles,  Microtus  pennsylvanicus,  157  prairie  voles, 
Microtus  ochrogaster,  26  pine  mice,  Microtus  pinetorum,  and  13  bog  lemmings, 
Synaptomys  cooperi,  were  examined  for  internal  parasites.  Only  one  of  the  bog 
lemmings  was  found  to  be  parasitized,  and  it  harbored  31  specimens  of  the  trematode, 
Quinqueserialis  hassalli.  Two  of  the  pine  mice  harbored  five  cestodes,  but  unfortunately 
their  poor  condition  precluded  identification.  Thirty  cestodes  were  found  in  18  of  the 
meadow  voles,  or  0.24  per  mouse,  with  14.8%  of  the  mice  being  parasitized.  Among 
these  cestodes  were  Cladotacnia  sp.,  Paranoplocephala  troeschi,  Paranoplocephala 
infrequens,  and  Andrya  macrocephala.  Of  the  157  prairie  voles  examined,  42  (28.6%) 
contained  227  cestodes  (1.45  per  mouse).  Species  identified  were  A.  macrocephala, 
P.  troeschi,  P.  infrequens  and  Taenia  taeniaeformis.  No  seasonal  changes  in  number 
of  the  cestode  population  was  observed  except  that  there  were  few  cestodes  in  M. 
ochrogaster  in  the  winter.  There  were  very  few  cestodes  in  small  M.  ochrogaster.  No 
differences  in  cestode  populations  related  to  size  of  the  mice  were  observed,  except 
that  small  Microtus  ochrogaster  harbored   significantly  less  cestodes  than  did  larger  mice. 

Introduction 

Over  the  past  several  years  numerous  small  mammals  have  been 
collected  in  Vigo  County  (25)  as  well  as  in  other  parts  of  Indiana. 
Those  from  Vigo  County  were  collected  in  a  series  of  random  plots, 
while  those  from  other  areas  were  taken  in  long  lines  placed  in 
various  habitats.  The  purpose  of  the  present  paper  is  to  present 
information  on  the  cestodes  and  trematodes  of  Synaptomys  cooperi, 
Microtus  ochrogaster,  M.  pennsylvanicus  and  M.  pinetorum  as  part  of 
continued  studies  on  the  biology  of  the  mammals  of  Indiana. 

Materials  and  Methods 

The  stomachs  and  intestines  of  the  mammals  were  opened  with 
dissecting  needles  and  the  contents  placed  in  watch  glasses  of  normal 
saline  solution.  A  10  to  70  power  zoom  dissecting  microscope  was 
used  to  examine  the  material  for  internal  parasites.  Parasites  were 
placed  in  a  refrigerator  overnight,  then  preserved  in  AFA  (six  parts 
commercial  formalin,  1  part  glacial  acetic  acid,  20  parts  95%  alcohol, 
and  40  parts  distilled  water).  Cestodes  were  stained  with  Semichon's 
Carmin  or  hemotoxylin  and  placed  on  slides  in  piccolyte;  Trematodes 
were  stained  with  Semichon's  Carmin. 
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Results 
Bog  lemming.   Synaptomys  cooperi. 

Thirteen  bog  lemmings  were  examined  during  the  present  study, 
seven  from  Vigo,  and  the  remainder  from  other  counties.  The  31 
trematodes  recovered  from  the  intestines  of  one  of  the  lemmings  from 
Vigo  County  were  all  Qiiinqueserialis  hassalli.  No  other  internal  para- 
sites were  found. 

The  only  previous  records  we  have  found  of  cestodes  or  trematodes 
in  S.  cooperi  are  of  Andrya  sp.  (6)  and  Para/noplocephala  variabilis 
(20). 

Pine  mouse.   Microtus  pinetorum. 

Of  the  26  pine  mice  examined  during  the  present  study,  21  were 
from  Vigo  and  five  from  other  Indiana  counties.  Two  of  the  mice, 
both  from  Vigo  County,  harbored  four  and  one  cestodes,  but  because 
of  their  poor  condition,  none  could  be  identified.  Three  cestodes  have 
been  previously  reported  in  M.  pinetorum,  Catenotaenia  pusilla  (3), 
Cladotaenia  sp.  (16)  and  Taenia  sp.  (6). 

Prairie  vole.   Microtus  ochrogaster. 

A  total  of  157  prairie  voles  was  examined  for  internal  parasites, 
of  which  42  harbored  227  cestodes  (mean  of  1.45  per  mouse  overall, 
and  a  mean  of  5.40  in  those  infested),  and  3  harbored  a  total  of  53 
trematodes  (0.34  per  mouse,  or  17.7  per  mouse  in  those  infested). 
The  trematodes  have  not  been  identified. 

Fifty-four  of  the  cestodes  from  22  of  the  prairie  voles  have  been 
mounted  and  identified,  including  4  species  (Table  1).  All  these  species 
have  previously  been  reported  from  M.  ochrogaster  from  other  areas, 
Andrya  macrocephala  by  (8,  9,  21,  23),  Paranoplocephala  infrequens 
by  (8,  9,  22),  P.  troeschi  by  (8),  and  Cladotaenia  sp.  and  Taenia 
taeniae f  or mis  by  (23). 

One  species  of  trematode,  Qiiinqueserialis  hassalli,  has  been  re- 
ported from  the  prairie  vole  (20,  23). 

Meadow  vole.   Microtus  pennsylvanicus. 

A  total  of  122  meadow  voles  were  examined  during  this  study, 
54  of  them  from  Vigo  County.  Six  trematodes  were  found  in  one  of 
the  voles,  but  were  lost.  One  unidentified  cestode  larva  (bladderworm) 
was  found  in  one  and  30  adult  cestodes  were  found  in  18  of  the  mice. 
Twelve  cestodes  from  seven  mice  were  mounted  and  identified  (Table  1). 

Rausch  (19)  first  found  Andrya  macrocephala  in  Microtus  pennsyl- 
vanicus, although  Erickson  (6)  reported  two  unidentified  species  of 
Andrya  in  that  host.  There  are  several  other  records  of  A.  macrocephala 
in  M.  pennsylvanicus  (7,  12,  13,  14,  21,  23,  24).  Paranoplocephala 
troeschi  was  originally  described  from  M.  pennsylvanicus  (18),  and 
this  species  was  reported  also  by  Rausch  and  Tiner  (23),  along  with 
Paranoplocephala  sp.  P.  infrequens  has  been  reported  by  several  work- 
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Table   1.      Cestodes     and     trematodes     from     Synaptomys     cooperi     and     three     species     of 

Microtus  from  Indiana. 


Microtus 

Microtus 

Microtus 

Synaptomys 

oehrogaster 

pennsylv aniens 

pinetorum 

cooperi 

Trematodes 

No.  examined 

If)  7 

122 

26 

13 

No.   infested 

3 

1 

0 

1 

'/,,  infested 

1.9 

0.8 

0 

7.7 

No.  Trematodes 

53 

6 

0 

31 

Ave.  No.  per  host 

0.34 

0.05 

0 

2.4 

Cestodes 

No.   examined 

157 

122 

26 

l) 

No.   infested 

42 

18 

2 

(l 

'/(    infested 

26.8 

14.x 

7.7 

0 

No.  trematodes 

227 

30 

5 

0 

Ave.   No.  per  host 

1.45 

0.25 

0.15 

II 

Cestodes  identified 

Andrya 

macrocephala 

22 

4 

0 

II 

Paranoploceph  ala 

troeschi 

25 

4 

ii 

(1 

P.   infrequens 

5 

3 

(i 

II 

Taenia   taeniae) ormis 

2 

0 

0 

II 

(Cysts  from  liver) 

Cladotaenia  sp. 

0 

1 

0 

II 

ers  (7,  11,  12,  14,  20,  22,  24).  Cladotaenia  sp.  (23)  and  the  liver  cysts 
of  Taenia  taeniaef  ormis  have  also  been  reported  (5,  6,  11,  23).  The 
trematode,  Qiiinqiieserialis  hassalli  has  been  found  in  M.  pennsylv  aniens 
(10,  12,  15,  23)  as  has  Q.  qiiinqiieserialis  (10,  11,  12,  20,  24).  Some  other 
trematodes  that  have  been  reported  from  the  meadow  vole  are  Schistoso- 
matium  douthitti  (17),  Plagiorchis  muris  (11,  24),  Nudacotyle  novica 
(1,  2),  Entosiphonus  thompsoni  (23),  Braehijlaema  rauschi  (20)  and 
Mediogonimus  olivacus  (23,  26). 

Host  Size  and  Cestode  Infestation 

The  individuals  of  M.  oehrogaster  and  M.  pennsylvanicus  were 
separated  into  size  groups  by  weight  (Table  2).  In  M.  pennsylvanicus, 
the  degree  of  infestation  was  similar  in  the  three  size  classes,  as  indi- 
cated by  mean  numbers  of  parasites  per  mouse  of  0.23,  0.28  and 
0.21,  and  the  percentages  of  animals  parasitized  at  17.6,  16.4,  and  15.8. 

In  M.  oehrogaster,  however,  the  animals  under  20  g  were  parasitized 
at  a  significantly  lower  rate,  at  0.09  cestodes  per  mouse  (Chi-square 
==;  36.10,  1  df),  and  less  of  the  mice  were  infested,  at  8.7%,  than  in  the 
larger  mice. 


Seasonal  Variation  in  Cestode  Infestation 

The  cestode  infestation  data  were  grouped  by  season;  spring 
(March  through  May),  summer  (June  through  Aug.),  fall  (Sept. 
through  Nov.)  and  winter  (Dec.  through  Feb.).    The  number  of  cestodes 
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Table  2. 


Cestode     infestations    as    related    to    weight    classes    of    Microtus     ochrogaster 
and  M.  pennsylvanicus. 


Weight 
classes 


No.  of 
Mice 


No.  of 
Cestodes 


Mean 


Infestation 


No. 


Microtus  ochrogaster 


Under    20 

20.0-39.9     g 

40.0     g 

Total 

Under     20 

20.0-39.9  g 

40.0     g 

Total 

23 

2 

0.09 

2 

8.7 

99 

153 

1.54 

32 

32.3 

29 

72 

1.79 

8 

15.4 

151 

227 

Microtus 

pennsylvanicus 

42 

17 

4 

0.23 

3 

17.6 

til 

17 

0.28 

10 

Hi.  4 

38 

s 

0.21 

4 

15.S 

lit; 

~29~ 

17 

taken  in  the  winter  in  M.  ochrogaster  (Table  3)  at  0.13  per  mouse,  was 
significantly  less  than  at  other  seasons  (Chi-square  =  33.97,  1  df). 
Also  the  incidence  of  mice  parasitized  was  low  in  winter,  with  12.5% 
being  parasitized.  The  highest  number  of  cestodes,  and  the  highest 
incidence  occurred  in  M.  pemisylvanicus  in  winter,  but  unfortunately 
only  four  mice  of  this  species  were  taken  during  that  season.  We  see 
no  strong  evidence  of  seasonal  differences  of  infestation  in  M.  pennsyl- 
vanicus. 

Table  3.     Seasonal    variation    in    Cestode    infestation    in    Microtus    ochrogaster    and    M. 

pennsylvanicus. 


Seasons 


No.  of 
Mice 


No.  of 
Cestodes 


Mean 


Infestation 


No. 


Microtus  ochrogaster 


Spring 
Summer 
Fall 
Winter 
Total 

Spring 
Summer 
Fall 
Winter 
Total 


29 

63 

2.17 

11 

37.9 

51 

32 

0.63 

14 

27.5 

53 

129 

2.43 

14 

26.4 

24 

3 

0.13 

3 

12.5 

157 

227 

42 

Microtus  pennsylvanicus 

29 

5 

0.17 

3 

10.3 

25 

5 

0.20 

2 

8.0 

64 

IS 

0.28 

11 

17.1 

4 

3 

0.50 

2 

50.0 

122 

~30~ 

IS 

Taxonomic  Considerations 

The  major  intestinal  parasites  of  M.  ochrogaster  and  M.  pennsyl- 
vanicus in  Indiana,  as  elsewhere,  are  cestodes  of  the  genera  Andrya 
and  Paranoplocephala  (Anoplocephalidae).  Andrya  macrocephala  was 
described    by    Douthitt     (6),    but    in    1947    Hansen     (12)     described    A. 
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microti,  as  having  a  greater  number  of  ovarian  lobes  and  a  smaller 
number  of  testes.  Rausch  and  Schiller  (28)  state  that  A.  macrocephala, 
common  east  of  the  Rocky  Mountains  especially  in  voles,  is  a  variable 
species  and  these  authors  synonomized  A.  microti  with  A.  macrocephala. 

We  found  two  morphologically  separable  forms  of  Andrya  in  both 
M.  ochrogaster  and  M.  pennsylvanicus,  which,  in  view  of  the  conclusions 
of  Rausch  and  Schiller,  we  have  called  A.  macrocephala.  Seven  of  the 
cestodes  from  M.  ochrogaster,  and  two  from  M.  pennsylvanicus  fit  the 
description  of  A.  microti  Hansen.    Further  taxonomic  work  is  needed. 
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Abstract 

A  total  of  66  house  mice,  Mus  musculus,  taken  in  snap  traps  from  an  inhabited 
building  in  Terre  Haute,  Vigo  County,  Indiana,  was  examined  for  ectoparasites,  and 
64  of  these  were  examined  for  endoparasites.  Data  were  compared  to  similar  data  for 
feral  house  mice.  Three  species  of  ectoparasites,  all  mites,  were  found,  Ornithonyssus 
bacoti,  Radfordia  lemnina  (not  previously  reported  on  Mus  musculus) ,  and  Myobia  musculi. 
Aspiculuris  sp.,  a  nematode,  was  the  only  endoparasite  found.  As  a  group,  there 
were  significantly  greater  numbers  of  ectoparasites  in  male  mice  and  significantly 
lesser  numbers  in  middle-aged  mice  (10.0  to  14.9  grams).  Female  mice  and  younger 
mice  harbored  significantly  greater  numbers  of  endoparasites.  There  was  no  significant 
difference  in  the  incidence  of  infestation  of  any  group  (age  or  sex)  by  endo-  or 
ectoparasites.  Feral  house  mice  differed  from  those  taken  in  an  inhabited  building 
by  having:  a  greater  diversity  of  endo-  and  ectoparasites;  a  much  lower  number  of 
parasites  per  individual;  a  lower  incidence  of  infestation;  a  greater  number  of  endo- 
parasites in  male  and  older  mice;  and  greater  numbers  of  ectoparasites  on  older 
mice. 

Introduction 

While  a  graduate  student  at  Indiana  State  University,  the  author 
shared  one  of  several  offices  in  an  old,  three  story  brick  building  on 
campus  in  which  house  mice,  Mus  musculus,  were  abundant.  The  pres- 
ent study  was  undertaken  to  determine  the  species,  incidence,  and 
the  average  intensities  of  infestation  of  the  parasites  in  relation  to 
the  sex  and  age  of  the  house  mice  and  to  compare  these  data  with 
those  obtained  by  Whitaker  (1)  for  feral  house  mice. 

Methods  and  Materials 

Four  rooms  on  each  floor  were  sampled  with  a  total  of  78  snap- 
back  traps  baited  with  peanut  butter.  The  traps  were  checked  each 
morning  between  22  March  and  25  April,  1968,  and  mice  were  examined 
for  external  parasites  immediately  or  frozen  in  sealed  plastic  bags 
for  later  examination.  With  the  aid  of  a  dissecting  microscope,  mites 
(the  only  ectoparasites  found)  were  removed  from  the  fur  of  the 
mice  with  dissecting  needles.  Mites  were  cleared  and  stained  in 
Nesbitt's  solution,  mounted  on  slides  in  Hoyer's  solution,  and  ringed 
with  asphaltum.  Dr.  B.  McDaniel  at  South  Dakota  State  University 
confirmed  the  identification  of  Radfordia  lemnina. 

The  stomach  and  intestines  were  examined  for  endoparasites  us- 
ing a  dissecting  microscope.  Only  nematodes,  identified  by  Dr.  Donald 
Norris  of  Tulane  University  as  members  of  the  family  Oxyuridae,  genus 
Aspiculuris,  were  found.  These  were  washed  in  0.85 c/c  saline  and  placed 
in    a    small    vial    containing    an    ethanol — glycerine    mixture     (200    ml 
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70%  ethanol — 50  ml  glycerine)  which  had  been  heated  almost  to  boiling. 
The  alcohol  was  allowed  to  evaporate,  leaving  the  parasites  in  glycerine. 

Chi-square  analysis  was  used  to  test  for  significant  differences 
in  the  number  of  parasites  found  and  the  incidence  of  infestation  in 
each  age  or  sex  class  of  the  mice.  The  expected  numbers  were  based 
on  the  percentage  of  mice  in  each  class,  e.g.  if  20%  of  the  mice  fell 
in  a  class,  then  20%  of  the  parasites  would  be  expected  in  that  class 
if  their  distribution  was  by  chance  alone.  One  asterisk  (*)  after  the 
chi-square  value  indicates  significance  at  the  95%  level,  two  indicate 
significance  at  the  99%  level. 

Results  and  Discussion 

Three  species  of  mites,  Ornithonyssus  bacoti,  Radfordia  lemnina, 
and  Myobia  musculi,  were  the  only  ectoparasites  found.  Taken  as  a 
group,  average  numbers  per  mouse  and  incidence  of  infestation  were 
greater  in  mice  from  the  building  than  in  feral  house  mice  (Table  1). 
The  relatively  close  contact  of  mice  in  the  building  may  facilitate 
infestation. 

Ornithonyssus  bacoti  was  the  most  abundant  ectoparasite  found 
in  this  study,  with  one  mouse  harboring  53  individuals,  and  4  others 
harboring  more  than  20.  House  mice  in  this  study  showed  greater 
average  numbers  per  mouse  and  incidence  of  infestation  of  this  para- 
site than  did  feral  housemice  (Table  1). 


Table   1.     Comparison  of  ecto-  and  endoparasites  of  Mus  musculus  taken  in  an  inhabited 
building  with  those  of  feral  housemice  (1). 


Building 

Feral 

No. 

No. 

No. 

Infested 

Ave.  No. 

No. 

Infested 

Ave.  No. 

Parasites 

Parasites 

(%) 

per  mouse 

Parasites 

(%) 

per  mouse 

Ectoparasites 

321 

47 
(71.2) 

4.86 

456 

132 
(28.1) 

0.98 

Ornithonyssus 

268 

37 

4.0*5 

38 

18 

0.08 

bacoti 

(56.1) 

(3.9) 

Radfordia 

4h 

21 

0.78 

73 

35 

0.16 

lemnina 

(31.8) 

(7.5) 

Myobia 

5 

4 

0.08 

L61 

36 

0.35 

musculi 

(6.1) 

(7.7) 

2Endoparasites 

81 

15 

(23.4) 

1.27 

934 

121 
(24.8) 

1.91 

H  eligmosomoides 

ii 

0 

0.00 

653 

56 

1.34 

■polygyrus 

(11.5) 

(Aspiculuris  sp. ) 

81 

15 
(23.4) 

1.27 

0 

0 

0.00 

1  66  mice  examined  from  building  ;  470  feral  housemice  examined. 

2  64  mice  examined  from  building;  489  feral  housemice  examined. 


Zoology  497 

Radfordia  lemnina,  the  second  most  abundant  ectoparasite  found 
in  this  study  has  not  previously  been  reported  on  Mus  musculus  (J.  O. 
Whitaker,  Jr.,  and  Nixon  Wilson,  unpublished  data).  Re-examination 
of  mites  reported  to  be  R.  affinis  from  feral  house  mice  (1)  indicated 
that  they  were  also  R.  lemnina.  Again,  average  numbers  per  mouse  and 
incidence  of  infestation  were  greater  on  mice  from  the  building  than 
on  feral  mice  (Table  1). 

Myobia  musculi,  the  least  abundant  ectoparasite  in  this  study,  was 
found  in  greater  average  numbers  per  mouse  and  had  a  greater  inci- 
dence of  infestation  in  feral  house  mice  (Table  1). 

Aspiculuris  sp.,  a  nematode  was  the  only  endoparasite  found  in  the 
64  house  mice  examined,  and  all  were  in  the  intestine.  This  parasite 
was  not  found  in  the  feral  house  mice  which  harbored  Heligmosomoides 
poly  gyms,  another  nematode,  as  the  most  abundant  endoparasite  (Table 
1). 

Feral  house  mice  harbored  a  greater  diversity  of  ecto-  and  endo- 
parasites  than  did  the  mice  taken  in  the  building.  More  than  15  species 
of  ectoparasites  (included  were  categories  for  miscellaneous  mites 
and  larval  ticks),  and  more  than  seven  species  of  endoparasites  (in- 
cluded were  categories  for  ascarid  larvae  and  cestodes)  were  found 
in  the  feral  house  mice;  whereas,  only  three  species  of  ectoparasites 
and  one  species  of  endoparasite  were  found  in  the  mice  from  the 
building.  A  possible  explanation  is  that  feral  house  mice  were  taken 
in  eight  different  habitats  (weedy  field,  grassy  field,  soybeans,  winter 
wheat,  corn,  sorghum,  cut  wheat,  and  cut  corn)  throughout  the  year; 
whereas,  the  mice  in  this  study  were  taken  in  only  one  habitat  and 
season.  Habitat  and  season  in  which  house  mice  are  taken  may  in- 
fluence the  number  and  kinds  of  parasites  found  (1).  Also,  fewer 
mice  were  examined  in  this  study. 

The  66  house  mice  examined  for  ectoparasites  (18  male  and  48 
female)  were  separated  by  sex  and  compared  as  to  parasite  load  and 
incidence  of  infestation.  There  was  a  significantly  greater  number 
of  ectoparasites  as  a  group  on  male  house  mice  (chi-square  57.27,** 
1  df),  but  no  significant  difference  between  the  sexes  in  incidence  of 
infestation  (chi-square  0.15,*  1  df)  (Table  2). 

Considered  separately,  Ornithonyssus  bacoti  (chi-square  41.16**, 
1  df)  and  Radfordia  lemnina  (chi-square  17.47,**  1  df)  both  showed 
significantly  greater  numbers  on  male  mice,  but  no  significant  differ- 
ences were  found  with  either  species  in  incidence  of  infestation  (chi- 
squares  0.11,  1  df  and  2.62,  1  df,  respectively)  (Table  2).  So  few  Myobia 
musculi  were  found  that  no  comparisons  were  made  (Table  2). 

The  64  house  mice  examined  for  endoparasites  were  also  separated 
by  sex  (17  male  and  47  female)  and  compared  as  to  parasite  load 
and  incidence  of  infestation  (Table  2).  There  were  significantly  greater 
numbers  of  endoparasites  (Aspiculuris  sp.)  in  female  mice  (chi-square 
6.98,**  1  df),  but  no  significant  difference  in  incidence  of  infestation 
(chi-square  0.34,  1  df). 
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Table  2.     Comparison    of    ccto-    and    endoparasites    of    male    and    female    Mus    musculus 
from  the  inhabited  building. 


Male 

Female 

No. 

No. 

No. 

Infested 

Ave.  No. 

Parasites 

Infested 

Ave.  No. 

Pai-asite 

Parasites 

( % ) 

per 

mouse 

No. 

(%) 

per  mouse 

1  Ectoparasites 

14S 

14 
(77.8) 

S.22 

173 

33 

(68.8) 

3.60 

Ornithonyssus 

12(1 

11 

6.67 

14S 

26 

3.08 

bacoti 

(61.1) 

(54.2) 

Radfordia 

26 

9 

1.44 

22 

12 

0.46 

lemnina 

(50.0) 

(25.0) 

My  obi  a 

2 

2 

0.11 

3 

2 

0.06 

musculi 

(11.1) 

(4.2) 

's  Endoparasites 

11 

3 

0.65 

70 

12 

1.49 

(Aspieuluris  sp.) 

(17.6) 

(25.5) 

1  18  males  and  48  females  examined. 

2  17  males  and  47  females  examined. 


Male  feral  house  mice  tended  to  have  a  greater  number  of  ecto- 
and  endoparasites  than  did  females  (1).  Male  house  mice  from  the 
building  had  significantly  more  ectoparasites,  but  females  had  sig- 
nificantly more  endoparasites.  There  was  no  significant  difference 
between  the  sexes  in  incidence  of  infestation  of  endo-  or  ectoparasites 
in  either  study. 

The  house  mice  were  divided  into  three  groups  (0.0  to  9.9  g;  10.0 
to  14.9  g;  and  15.0  or  more  g)  approximately  according  to  age  as 
based  on  weight,  and  compared  as  to  average  numbers  of  parasites 
per  mouse  and  incidence  of  infestation. 

There  were  significantly  greater  numbers  of  ectoparasites  in  the 
older  and  younger  mice  when  each  was  compared  to  the  medium  age 
group  when  the  ectoparasites  were  taken  as  a  group  (chi-squares  22.83, ** 
1  df  and  5.61,*  1  df,  respectively)  and  when  Ornithonyssus  bacoti  was 
considered  separately  (chi-squares  17.59,* *  1  df  and  6.16,*  1  df,  re- 
spectively) (Table  3).  There  was  no  significant  difference  in  incidence 
of  infestation  between  the  age  groups  when  all  ectoparasites  were  con- 
sidered as  a  group  (chi-square  0.26,  2  df)  or  when  Ornithonyssus  bacoti 
was  considered  separately  (chi-square  0.77,  2  df). 

Radfordia  lemnina  showed  no  significant  differences  between  either 
the  youngest  and  middle-age  group  (chi-square  0.45,  1  df)  or  the 
youngest  and  the  oldest  group  (chi-square  1.90,  1  df),  but  there  was 
a  significant  difference  between  the  middle-age  and  oldest  group 
(chi-square  6.33,*  1  df)  (Table  3).  If  the  two  younger  groups  were 
combined,  giving  an  average  number  of  0.54  parasites  per  mouse, 
there  was  a  significantly  greater  number  of  parasites  in  the  older 
group    (chi-square   6.33,*    1   df).    There  was   no   significant  difference  in 
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the  incidence  of  infestation  between  the  age  groups  (chi-square  0.99, 
2  df). 

There  was  a  significantly  greater  number  of  internal  parasites  in 
the  middle-age  and  younger  mice  when  each  was  compared  to  the 
oldest  group  (chi-squares  20.70,**  1  df  and  13.36,  **  1  df,  respectively), 
but  no  significant  difference  between  the  youngest  and  middle-age  groups 
(chi-square  0.40,  1  df)  (Table  3).  There  was  no  significant  difference 
in  incidence  of  infestation  between  the  age  groups  (chi-square  2.42, 
2  df). 

Feral  house  mice  tend  to  show  an  increase  in  the  number  of  ecto- 
and  endoparasites  with  increased  age  of  the  mouse.  There  were  no 
significant  differences  in  the  incidence  of  infestation  when  all  ecto- 
parasites were  considered  as  a  group,  but  when  considered  separately, 
Radfordia  lemnina  showed  a  significant  increase  in  incidence  of  in- 
festation with  increased  age  of  the  mouse  (1). 

Whitaker  (1)  reasoned  that  if  animals  were  parasitized  because  of 
general,  overall  poor  physical  condition,  then  animals  with  ectoparasites 
should  also  be  the  ones  with  endoparasites.  If,  on  the  other  hand, 
parasitism  is  only  a  chance  happening,  then  the  percent  of  the  animals 
examined  which  one  would  expect  to  have  both  ecto-  and  endoparasites 
by  chance  can  be  computed  as: 

%  with  ectoparasites  x  %  with  endoparasites  x  no.  animals  ex- 
amined for  both  =  no.  of  animals  with  both  endo-  and  ectoparasites 
by  chance. 

Whitaker  (1)  found  that  the  relationship  between  endo-  and  ectopara- 
sitism  in  feral  house  mice  was  due  to  chance.  When  the  data  in  this 
study  are  treated  in  this  manner,  the  same  conclusion  must  be  drawn 
for  house  mice  from  the  building  (0.734  x  0.234  x  64  =  10.68).  The 
actual  number  having  both  endo-  and  ectoparasites  was  11. 
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Abstract 

The  life  cycle  of  Mermis  subnigrescens  (Cobb)  involves  a  parasitic  stage  which  lasts 
from  4-10  weeks  after  ingestion  of  the  egg  by  the  orthopteran  host.  A  post-parasitic 
stage  in  the  soil  lasts  approximately  20  months  during  which  time  the  female  becomes 
gravid.  The  morphology  of  the  egg  is  described.  Chromatrophic  responses  apparently 
affect  the  number  of  eggs  laid  by  the  female.  Experiments  on  host  resistance  to  multiple 
infections  shows  some  reduction  in  numbers  of  juveniles  after  initial  infections.  Host 
age  does  not  appear  to  be  a  factor  in  resistance  to  infections. 

Introduction 

The  life  cycle  of  Mermis  subnigrescens  involves  a  single  orthop- 
teran host.  Embryonated  eggs  of  this  species,  containing  a  second 
stage  juvenile,  are  deposited  on  vegetation  by  female  worms  in  early 
summer  during  or  immediately  after  a  rain.  Members  of  the  family 
Acrididae  or  the  family  Tetigoniidae  ingest  the  eggs  which  hatch 
in  the  anterior  portion  of  the  alimentary  canal.  Parasitic  juveniles 
penetrate  the  intestinal  wall,  enter  the  haemocoel,  and  continue  de- 
velopment. 

Male  juveniles  usually  remain  in  the  host  from  4  to  6  weeks, 
attaining  length  of  20  to  60  mm;  female  juveniles  usually  remain  in 
the  host  from  8  to  10  weeks,  attaining  a  length  of  50  to  135  mm. 
Males  reach  sexual  maturity  shortly  after  the  post-parasitic  moult  (5). 

In  late  summer,  the  juveniles  emerge  from  the  haemocoel  through 
the  body  wall  of  the  host.  Post-parasitic  juveniles  then  enter  the 
soil  and  undergo  a  moult  approximately  2  to  4  months  later.  Female 
post-parasitic  juveniles  attain  sexual  maturity  in  the  soil  within  8 
months  after  emergence  from  their  host.  The  following  spring,  females 
may  mate  with  males  and  begin  egg  production,  or  they  may  produce 
eggs  parthenogentically.  Egg  production  continues  for  a  year  but  few, 
if  any,  eggs  are  laid  before  the  end  of  this  time,  i.e.,  approximately 
20  months  post-parasitic  emergence  (5). 

The  Egg 

The  eggs  of  Mermis  subnigrescens  are  subspherical,  somewhat  com- 
pressed at  the  poles,  and  measure  approximately  48-54/a  from  pole 
to  pole  and  50-56^  at  the  equator.  Two  protective  coverings  surround 
the  egg.  The  outer,  dark-brown  covering,  which  may  easily  be  broken 
and  removed,  has  a  fracture  line  across  the  equator. 

Each  hemisphere  of  the  outer  covering  has  a  thickened  area  at 
the  pole  formed  by  the  attachment  of  two  many-branched,  albuminous 
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appendages  or  byssi  (2).  These  apparently  assist  in  attachment  of 
the  eggs  to  various  surfaces  and  may  also  keep  them  together  in  small 
clumps. 

At  oviposition,  each  viable  egg  contains  an  infective  second-stage 
juvenile.  In  the  present  studies,  no  evidence  of  moulting  within  the 
egg  was  observed.  Eggs  may  remain  viable  throughout  the  summer 
on  foliage  (their  dark  color  presumably  shielding  the  juvenile  from 
harmful  sun  rays)  (5).  Some  eggs  were  kept  in  the  laboratory  on 
moist  filter  paper  and  retained  their  viability  for  over  6  months. 

In  1968,  maximum  egg  laying  occurred  during  the  second  and 
third  week  of  June.  The  first  gravid  female  was  found  on  May  22; 
the  last  gravid  female  was  found  the  last  week  of  June.  Similar  results 
were  reported  at  Woods  Hole,  Mass.,  i.e.,  the  time  of  maximum  egg 
deposition  was  usually  during  June  and  July,  and  that  egg  laying 
was  controlled  by  weather  conditions  (2).  In  the  present  study,  there 
were  only  light  rains  during  July  and  the  first  part  of  August,  1968. 
These  rains  were  apparently  too  light  to  bring  appreciable  numbers  of 
mermithids  to  the  surface  since  none  was  found. 

Gravid  females  were  kept  in  the  laboratory  for  use  as  a  source 
of  eggs.  They  could  be  stimulated  to  lay  eggs  several  times  over  a 
2-3  month  period.  No  eggs  could  be  procured  after  the  end  of 
August  and  all  gravid  females  died  by  the  early  part  of  October, 
1968.  This  would  seem  to  indicate  that  following  egg  laying,  the 
spent  female  may  live  less  than  2  months.  Very  few  eggs  remained 
in  the  uterus  of  the  spent  females,  and  cross  sections  of  these  worms 
show  the  trophosome  to  be  nearly  empty. 

Chromotrophism 

Cobb  (3)  described  a  type  of  chromotrophism  associated  with 
the  egg  laying  of  Mermis  subnigrescens.  According  to  his  studies, 
release  of  eggs  is  due  to  the  accumulation  of  the  pigment  haemoglobin 
in  the  anterior  end  and,  to  a  lesser  degree,  throughout  the  body  of 
the  female.  The  presence  of  this  pigment,  in  sunlight,  provided  the 
stimulus  for  egg  laying  (2,  4).  It  has  been  suggested  that  the  distri- 
bution of  hemoglobin  in  Mermis  subnigrescens  is  more  closely  associated 
with  respiratory  functions  and  is  particularly  related  to  oxygen  supply 
(6).  They  concluded  that  the  concentration  of  pigment  is  not  delimited 
enough  to  function  in  chromotropism.  The  present  study  indicates 
that  although  sunlight  is  not  necessary  for  egg  laying,  it  may  influence 
it,  since  a  greater  number  of  eggs  were  laid  when  worms  were  placed 
in  sunlight  on  moist  filter  paper  than  under  like  conditions  in  darkness. 
Numerous  examples  of  other  nematodes  possessing  haemoglobin  may  be 
cited  and  ample  evidence  exists  that  haemoglobin  serves  to  transport 
oxygen  in  some  nemotodes  (1,  6,  7). 

Experimental  Infections 

An  experiment  was  carried  out  to  determine  if  a  grasshopper 
once    infected    with    Mermis    subnigrescens    becomes    resistant   to    addi- 
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tional  infections.  Fifty  Melanoplus  sp.  (mostly  M.  femurrubrum)  con- 
sisting of  32  females  and  18  males  were  selected.  One  of  the  females 
died  during:  the  last  half  of  the  experiment.  For  this  experiment, 
grasshoppers  were  each  fed  5-10  eggs  of  M.  subnigrescens  placed  on 
lettuce  leaves.  This  procedure  was  carried  out  once  every  2  weeks 
for  a  total  of  3  feedings.  One  week  after  the  last  feeding,  these 
grasshoppers  were  killed,  dissected  and  examined  for  evidence  of 
mermithid  juveniles. 

Table  1  shows  a  reduction  in  number  of  juveniles  resulting  from 
the  second  and  third  exposures.  It  can  be  assumed  that  throughout 
the  life  of  the  grasshopper,  multiple  exposures  to  mermithid  eggs 
results  in  the  grasshopper's  acquisition  of  numerous  parasites  of  various 
ages  but  that  initial  infections  tend  to  be  heavier. 


Table    1.      Susceptibility     of     grasshoppers      (Melanoplus    8pp.)     to    reinfection    with    M. 

subnigrescens. 


No.  hosts 
infected 

Average 

number  juveniles  per 

host 

exposure 

1st  feeding 

2nd  feeding 

3rd  feeding 

31    females 
18    males 

4.10 
3.14 

2.75 

2.00 

2.8 
2.3 

Effect  of  Host  Age  on  Experimental  Infections 

To  determine  if  age  was  a  factor  in  host  resistance,  10  Melanoplus 
femurrubrum  were  selected  at  random  for  each  of  6  age  groups  as 
shown  in  Table  2.  Each  grasshopper  was  starved  for  24  hours  and 
then  fed  individually  a  small  pellet  of  cooked  oatmeal  into  which  were 
placed  10  eggs  of  Mermis  subnigresceiis.  Three  weeks  later,  the  grass- 
hoppers were  sacrificed  and  examined  for  juvenile  mermithids.  Table 
2  indicates  that  age  seems  to  play  no  important  role  in  resistance  of 
M.  femurrubrum  to  M.  subnigrescens  infections  through  the  17th  week 
of  life. 

Table  2.     Effect  of  age  of  host  on  resistance  to  infection. 

Age  of  host 
when  infected  Average  number  Number  of  juvenile/host 


(in  weeks)  juveniles/host  Maximum  Minimum 

4  4.3  5  3 

6  4.1  5  3 

8  4.1  6  3 

12  4.6  6  4 

15  4.2  6  3 

17  3.9  5  2 
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The  Early  Effect  of  Gonadotropins  on  32P  Uptake 
by  the  Immature  Chicken  Testes1 
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Abstract 

Cockerels  were  injected  with  ^P  and  gonadotropins  and  then  killed  at  time  inter- 
vals of  20,  40,  60,  80,  and  100  minutes.  The  radioactivity  of  testes  from  treated  birds 
was  compared  with  that  of  birds  receiving  32P  alone.  Dosage  levels  of  2.5  »g  luteinizing 
hormone  (LH)  resulted  in  a  significant  ^P  increase  over  controls  within  20  minutes 
while  100  ^g  of  follicle  stimulating  hormone  (FSH)  was  needed  to  produce  the  same 
effect  at  this  time  interval.  Both  FSH  and  LH  treatment  resulted  in  the  same  general 
response,  an  increased  :i2P  uptake  reaching  a  peak  around  40-60  minutes  which  then 
began  to  decrease.  Pregnant  mare  serum  gonadotropin  (PMS)  and  human  chorionic 
gonadotropin  (HCG)  produced  a  more  gradual  rise  in  ^P  uptake  which  when  reaching 
its  peak  was  maintained  for  several  hours.  HCG  was  the  least  potent  of  the  gonado- 
tropins as  far  as  32P  uptake  was  concerned  in  that  a  significant  increase  in  the  isotope 
uptake  was  not  noted  until  8  hours  after  HCG  injection.  Chicken  pituitary  gonado- 
tropin  extracts    also   significantly    stimulated   3-P   uptake   within    20-40    minutes. 

Introduction 

The  stimulation  of  testis  32P  uptake  has  been  used  as  an  assay 
method  for  total  anterior  pituitary  gonadotropins  for  several  years 
(1,  2).  Several  questions  arise  in  considering  this  32P  stimulation, 
the  major  one  perhaps  being  what  biochemical  system (s)  in  the  testis 
is  being  stimulated  by  the  gonadotropin  to  result  in  increased  32P 
uptake.  This  assay  method  is  sensitive  to  either  follicle  stimulating 
hormone  (FSH)  or  luteinizing  hormone  (LH)  alone,  therefore,  another 
question  is  whether  these  two  gonadotropins  act  in  similar  fashion 
in  stimulating  32p  uptake.  As  a  preliminary  step  in  answering  these 
questions,  studies  have  been  performed  to  note  the  initial  time  of 
the  stimulatory  response.  FSH,  LH,  pregnant  mare's  serum  gonadotro- 
pin (PMS),  human  chorionic  gonadotropin  (HCG),  as  well  as  chicken 
anterior  pituitary  gland  gonadotropin  extracts  were  tested.  The  pur- 
pose of  this  paper  is  to  report  the  initial  time  of  effect  of  a  variety 
of  gonadotropins  on  32P  uptake  by  the  testes  of  the  immature  chicken. 

Materials  and  Methods 

Newly-hatched  single  comb  White  Leghorn  cockerels  were  obtained 
from  the  Farm  Bureau  Co-op,  Indianapolis,  Indiana,  and  used  ex- 
clusively in  these  experiments.  The  birds  used  were  between  5-9 
days  of  age.  The  procedure  was  as  follows.  Birds  were  injected  sub- 
cutaneously  at  time  "0"  with  4.0  or  5.0  fxc  32P  and  the  gonadotropin 
and  then  killed   at  various   time    intervals,   usually   20,   40,   60,   80,   and 
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100  minutes.  The  effects  of  PMS  and  HCG  treatments  were  observed 
over  a  24-hour  period.  Control  animals  (32P  but  no  gonadotropins) 
were  also  killed  at  each  time  interval.  The  animals  were  killed  by 
cervical  dislocation  and  the  testes  were  quickly  removed,  weighed, 
and  placed  on  planchets.  There  was  one  pair  of  testes  per  planchet. 
The  testes  were  air  dried  overnight  and  then  counted  on  a  Nuclear 
Chicago  gas  flow  counter.  The  results  were  expressed  as  counts  per 
minute  per  milligram  of  wet-weight  of  testes  (cpm/mg).  The  32P 
was  purchased  from  New  England  Nuclear  as  carrier  free  H3P04  in 
0.02  N  HC1.  Ovine  FSH  and  LH  was  generously  provided  by  the 
Endocrine  Study  Section  of  NIH.  Dr.  J.  B.  Jewell  of  the  Ayerst  Labora- 
tories graciously  supplied  the  PMS  and  HCG.  Water  extracts  of 
anterior  pituitary  material  from  older  chickens  were  also  used  as  a 
source  of  gonadotropin. 

Results 
Luteinizing  Hormone 

Table  1  presents  the  data  on  32p  uptake  from  a  series  of  LH  dosages 
as  a  function  of  time.  Dosages  of  2.5,  5.0,  10.0,  and  20.0  /*g  LH  per 
bird  all  caused  significant  increases  in  32P  uptake  over  the  controls 
at  20  minutes,  and  in  one  group  of  20  /xg  LH  treated  birds  a  significant 
increase  was  noted  as  early  as  15  minutes. 


Table  1.      The    effect    of    various    dosages    of    luteinizing    hormone    (LH)    on    32P    uptake 

by   the   testes   as   a  function  of   time.     The  LH   and  32P    (U.O   or  5.0    ^c)    were   both  given 

at  time  "O"  and  there  were  10  or  11  birds  in  each  series. 


Control 

2.5  ^g  LH 

Time 

Control 

5.0  Mg  LH 

cpm/mg  ±   SE 

cpm/mg  ±  SE 

minutes 

cpm/mg  ±  SE 

cpm/mg  ±  SE 

39  ±  2 

45  ±  2* 

20 

80  ±  3 

94  ±  5*** 

32  ±   1 

51   ±  3*** 

40 

63  ±  2 

97  ±  5*** 

35  ±  2 

52  ±  3*** 

60 

57  ±  3 

102  ±  7*** 

36  ±  3 

53  ±  4*** 

80 

58  ±  3 

105  ±  4*** 

42  ±  3 

57  ±  3** 

100 

62  ±  4 

102   ±  3** 

Control 

10.0  ^g  LH 

Time 

Control 

20.0  Mg  LH 

61   ±  3 

80  ±  3*** 

20 

57   ±  4 

78  ±  3*** 

50  ±  2 

89  ±  4*** 

40 

48  ±  2 

96  ±  5*** 

51   ±  2 

93  ±  5*** 

60 

52   ±  3 

108  ±  8*** 

55   i  6 

88   ±   4*** 

SO 

49  ±  3 

104  ±  5*** 

55  ±  3 

92  ±  4*** 

100 

55  ±  3 

97   ±  4*** 

Control 

20.0  ^g  LH 

Time 

70  ±  1 

90  ±  4*** 

15 

55  ±  2 

91  ±  3*** 

30 

45  ±  1 

91  ±  3*** 

50 

45   ±  4 

92  ±  4*** 

70 

44  ±  2 

86  ±  3*** 

90 

Control  vs  LH  significance  levels 


r>', 


i'< 


0.1%. 


Follicle  Stimulating  Hormone 

The  results  of  3   dosage   levels  of  FSH  are  presented  in  Table  2. 
The    40    fig    and    50    /ag    levels    produced    significant    increases    in    3-P 
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uptake  at  40  minutes,  while  the  higher  level,  100  fig,  brought  about 
a  significant  increase  at  20  minutes.  These  results  again  demonstrate 
that  on  a  microgram  basis  this  assay  method  is  more  sensitive  to 
LH  than  it  is  to  FSH.  A  possible  event  of  interest  was  the  decrease 
in  FSH  stimulating  activity  with  the  two  lower  doses  at  80  minutes, 
followed  by  a  second  rise  in  activity. 


Table  2.      The    effect     of    various    dosages    of    follicle    stimulating     hormone     (FSH)     on 

81iP  uptake  by  the  testes  as  a  function  of   time.     The  FSH  and  32P    (A.O   or  5.0    uc)    were 

both  given  at  time  "O".  Each  series  had  10  or  11  birds. 


Controls 

40.0  ^g  FSH 

Time 

Controls 

50.0  Mg  FSH 

cpm/mg  ±  SE 

cpm/mg  ±  SE 

minutes 

cpm/mg  ±  SE 

cpm/mg  ±  SE 

35  ±  2 

37   ±  2 

20 

37  ±  2 

40  ±  2 

30  ±  2 

45  ±  3** 

40 

31  ±   1 

43  ±  3** 

31  ±  2 

44  ±  5* 

fit! 

32  ±  3 

56  ±  6** 

38   ±  8 

46  ±  3 

80 

36  ±  2 

53  ±  5* 

30  ±  3 

55  ±  4*** 

LOO 

33  ±  2 

61   ±  4*** 

Controls 

100.0  Mg  FSH 

Time 

45   ±  2 

60  ±  4** 

20 

46  ±  2 

74  ±  6*** 

40 

39  ±  2 

79   ±  4*** 

60 

45  ±  3 

82  ±  4*** 

SO 

46  ±  2 

78  ±  6*** 

LOO 

Controls  vs  FSH  significance  levels : 


5% 


\' < 


0.1% 


Pregnant  Mare  Serum  Gonadotropin 

The  administration  of  25  units  of  PMS  did  not  bring  about  a 
significant  uptake  in  -5-P  until  100  minutes  after  injections  as  shown 
in  Table  3.  Although  not  shown  in  the  Table,  the  uptake  remained 
fairly  constant  for  4  hours  with  a  second  peak  in  uptake  seen  at  6 
and  12  hours  and  a  still  higher  level  at  24  hours.  A  dose  of  30  units 
of  PMS,  however,  brought  about  a  significant  increase  in  82P  uptake 
at  40  minutes.  Again  as  with  the  25  unit  treatment,  once  the  peak 
was  established  it  was  maintained  for  a  considerable  period  of  time. 
This  pattern  of  response  was  in  contrast  with  the  early  peak  and 
subsequent  drop  characterized  by  the  FSH  and  LH  treatments. 

Human  Chorionic  Gonadotropin 

One  dosage  level  (50  units)  was  used  and  its  stimulatory  activity 
was  followed  at  intervals  over  a  24-frour  period.  This  amount  of 
HCG  did  not  bring  about  an  increase  in  3-P  uptake  until  8  hours  after 
injection  and  then  the  significance  was  only  at  the  5(/o  level  (Table 
3).  This  minimal  stimulatory  level  was  then  maintained  for  the  re- 
mainder of  the  24-hour  period. 

Anterior  Pituitary  Gland  Extract 

Table  4  presents  the  results  of  injecting  water  extracts  of  older 
male  chicken  pituitary  glands  into  the  week-old  cockerels.  Two  dosages 
were  used,   0.5   mg  from   75-day  old   donors,   and    1.0   mg  from   55-day 
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old  chickens.  The  higher  level,  1.0  mg  equivalent  fresh  pituitary 
per  bird,  caused  a  significant  increase  in  32P  uptake  within  20  minutes 
while  the  0.5  mg  dose  was  not  effective  until  40  minutes.  Interestingly, 
the  pituitary  gland  treatment  resulted  in  a  "dip"  in  effect  around  80 
minutes,  a  situation  similar  to  that  seen  with  the  lower  dosages  of  FSH. 


Table  3.      The   effect   of  pregnant   mare  serum  gonadotropin    (PMS)    or  human   chorionic 

gonadotropin    (HCG)    on    testes    32P    uptake    as    a    function    of    time.    Gonadotropin    and 

5.0  iiC  ^P  were  injected  at  the  same  time.    Each  series  had  10  or  11  birds. 


Control 

25  IU  PMS 

Time 

Control 

30  IU  PMS 

cpm/mg  rt  SE 

cpm/mg  ±  SE 

minutes 

cpm/mg  ±  SE 

cpm/mg  ±  SE 

44  ±  2 

50  ±  3 

20 

45  rt  2 

48  ±  3 

48  ±  3 

56  ±  4 

4(1 

46  ±  2 

60  ±  3** 

37  ±  3 

44   ±  4 

60 

39  ±  2 

57  ±  4*** 

40  ±  2 

46  ±  2 

80 

48   ±   4 

71  ±  3*** 

34  ±  2 

45  ±  2** 

100 

46  ±  2 

68  ±  4*** 

Control 

50  units  HCG 

Time 

29  ±  2 

28  ±  2 

20 

26  ±  2 

26  ±  1 

40 

37  ±  3 

37   =t  3 

60 

40  ±  2 

45  rt  4 

80 

34  ±  2 

40  ±  2 

100 

37  ±  2 

43  ±  2 

4    h 

41  rt  3 

52  ±  2* 

8  h 

36  rt  3 

47  ±  3* 

12  h 

37  ±  3 

47  ±  3* 

16  h 

36  ±  2 

46  ±  3* 

24  h 

Control  vs  experimental  significance  levels: 


1 '.', 


0.1%. 


Table  4.  The  effect  of  chicken  anterior  pituitary  gland  extract  on  32P  uptake  by 
the  testes  as  a  function  of  time.  The  pituitary  extract  and  4.0  nC  ^P  were  both 
given  at  time  "O"  and  there  were  10  or  11   birds  in  each  series.    Pituitary  dosage  is  mg 

equivalent  wet  weight. 


Time,  minutes 


Controls 
cpm/mg  rt  SE 


Pituitary  extract 
cpm/mg  ±  SE 


increase 


36 

±  2 

35 

rt  2 

45 

±  2 

35 

±  2 

33 

±  2 

0.5  mg  anterior  pituitary  from  75  day  old  male  chickens 
20 
40 
60 
80 
100 

1.0  mg  anterior  pituitary  from  55  day  old  male  chickens 
20  23  rt  1 

40  23  rt  2 

60  26  rt  2 

80  29  rt  3 

100  21  rt  2 


36  ± 

2 

46  rt 

2*** 

54  rt 

5* 

35   ± 

1 

37  rt 

3 

3 

29  ± 

j*** 

38  ± 

1*** 

42  ± 

3*** 

38   ± 

1** 

43  rt 

4*** 

26 
65 
62 
31 
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Significance  levels  controls  vs  treated :  *  =  5%  ;  *' 


V/, 


0.1%, 
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Discussion 


The  results  presented  here  indicate  that  mammalian  FSH  and 
LH  can  exert  an  effect  on  the  chicken  testis  within  20  minutes  as 
measured  by  32P  uptake.  The  response  resulting  from  either  FSH 
or  LH  was  similar  in  reaching  an  early  peak  and  then  tapering  off. 
PMS  and  HCG  exhibited  a  different  response  from  that  of  the  two 
anterior  pituitary  gonadotropins  in  that  a  more  gradual  increase  was 
followed  by  the  maintenance  of  this  peak.  Despite  the  similarity  in 
LH  and  HCG  action  in  mammals  and  also  their  immunological  sim- 
ilarity, HCG  was  much  less  stimulatory  than  was  LH  at  the  levels  used 
in  these  experiments.  Studies  on  the  distribution  of  32P  are  now  in 
progress  to  determine  whether  there  is  a  difference  produced  by  the 
various  gonadotropins  in  the  32P  metabolism  of  the  testes. 
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Abstract 

Studies  were  conducted  to  determine  if  AG  alone  causes  hemolysis  and  if  AG 
would  affect  the  permeability  (hemolysis  time)  to  a  known  hemolytic  agent,  e.g. 
ethylene  glycol.  Sodium  and  potassium  uptake  in  human  and  rabbit  erythrocytes  was 
compared  between  AG  treated  and  control  blood  by  use  of  the  flame  photometer. 
Rabbit  blood  was  exposed  to  AG  and  cell  fractions  were  assayed  by  spectrophotometric 
and  chemical  means  to  determine  whether  AG  enters  the  red  blood  cell  and/or  occupies 
sites  in  the  membrane. 

AG  increases  the  hemolysis  time  of  ethylene  glycol  in  fresh  human  and  rabbit  red 
blood  cells  and  decreases  the  time  in  human  blood  bank  blood ;  increases  the  K-f- 
efflux  from  rabbit  erythrocytes;  enters  the  red  blood  cell  and  may  occupy  site(s)  in  or 
on  the  membrane. 

Introduction 

The  drug  aminoglutethimide  phosphate  (a-ethyl-a-p-aminophenyl 
glutarimide,  Elipten,  AG)  has  been  used  clinically  as  an  anticonvulsant 
in  the  treatment  of  epilepsy  (2,  10,  14).  The  motor,  psychic,  and 
sensory  symptoms  of  epilepsy,  including  loss  of  consciousness,  are 
based  on  a  substrate  of  paroxysmal  disturbances  of  the  electrical 
activity  of  the  brain  (1).  A  thorough  search  of  the  literature  reveals 
that  the  mode  of  action  of  the  drug  in  correction  of  these  symptoms 
is  not  known.  It  is  of  interest  that  the  drug  was  not  infallible  in 
stopping  convulsions  when  used  alone,  but  was  effective  when  com- 
bined with  small  doses  of  other  drugs  (4,  12,  13).  In  1965,  the  drug 
was  withdrawn  from  the  market  by  the  Federal  Drug  Administration 
due  to  side  effects,  namely  adrenal  toxicity  (3)  and  induced  goitrous 
hypothyroidism  (16).  Eversole  and  Zimmerman  (8)  and  Pollock  (15) 
observed  ataxia  on  administration  of  the  drug  to  white  rats. 

A  primary  activity  of  the  drug  is  inhibition  or  synthesis  of 
adrenal  cortical  steroid  hormones  (5,  6,  11).  Fishman  et  al.  (9), 
in  clinical  studies  on  man,  found  that  the  most  consistent  action  of 
AG  is  to  decrease  aldosterone  secretion  with  concomitant  changes 
in  electrolyte  metabolism.  Aminoglutethimide  phosphate  markedly  de- 
creases the  output  of  corticosterone  in  the  rat  (6).  Zimmerman  (18) 
demonstrated  that  AG  causes  an  elevation  of  sodium  and  decrease 
in  potassium  concentration  in  muscle  tissue  and  the  reverse  in  plasma 
with  associated  retention  of  water.  This  change  appears  to  be  inde- 
pendent of  adrenal  secretion.  A  similar  AG  induced  change  in  normal 
serum  and  plasma  sodium  and  potassium  values  in  warm  blooded 
animals,  but  not  in  cold  blooded  animals,  was  determined  by  Pollock 
(15).  This  shift  of  sodium  from  plasma  to  tissue  in  the  treated  animal 
may    suggest   a    change    in    membrane    permeability    or    transport    of 
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sodium.  Brett  and  Hayden  (unpublished  data)  found  that  AG  ap- 
parently restores  normal  rhythmicity  to  an  arrhythmic  turtle  heart  when 
applied  topically. 

The  purpose  of  this  study  was  to  test  the  hypothesis  that  the 
drug  AG  exerts  its  effect  on  water  and  electrolyte  balance  by  virtue 
of  a  direct  action  on  the  cell  membrane  resulting  in  a  permeability 
change,  and  to  determine  if  AG  localized  either  in  the  plasma  mem- 
brane or  within  the  cell. 

Methods  and  Materials 

Erythrocytes  were  from  rabbit  blood  collected  in  Alsever's  solution, 
fresh  human  blood  in  acid  citrate  dextrose  solution  and  26-day  old 
human  blood  bank  blood.  Hemolysis  times  were  determined  for  red 
blood  cells  in  distilled  water,  AG,  ethylene  glycol  and  AG  in  the 
presence  of  ethylene  glycol.  Solutions  were  unbuffered  or  buffered 
to  approximately  pH  4  and  7.  Five  drops  of  blood  were  added  to 
10  ml  of  test  solution,  cells  were  dispersed  by  two  rapid  inversions  of 
the  tube  and  hemolysis  time  was  determined  as  having  occurred  when 
light  absorption  at  640  mu  fell  to  an  optical  density  of  0.2  using  a 
Bausch  and  Lomb  Spectronic  20  spectrophotometer. 

Additional  experiments  were  performed  to  determine  if  the  presence 
of  AG  influenced  Na  increase  and  K  decrease  in  erythrocytes  similarly 
to  that  observed  by  Zimmerman  (18)  in  rat  muscle  tissue.  Rabbit 
cells  were  exposed  to  an  AG  concentration  of  1  mg/ml  by  adding  1 
ml  of  0.9%  NaCl  solution  containing  5  mg  of  AG  to  4  cc  of  blood 
in  Alsever's  solution.  Human  cells  were  exposed  to  AG  concentrations 
of  0.05,  0.5  or  5.0  mg/ml  by  adding  1  ml  of  blood  in  ACD  solution 
to  1  ml  of  0.9%  or  0.3  M  NaCl  solution  containing  0.1,  1.0  or  10  mg 
AG.  Control  solutions  were  prepared  as  above  except  for  the  omission 
of  AG.  Concentrations  of  sodium  and  potassium  were  determined 
using  a  Coleman  Model  143  flame  photometer. 

Localization  of  AG  in  tissue  was  determined  by  fractionating 
rabbit  red  blood  cells  as  summarized  in  Figure  1.  AG  content  was 
assayed  spectrophotometrically  before  and  after  removal  of  plasma 
proteins  by  gel  filtration  (Biogel  P2)  or  by  the  method  of  Douglas 
and  Nichols  (7).  The  latter  method  utilizes  extraction  of  AG  into 
dimethyl  chloride  and  reaction  with  p-dimethyl  aminobenzaldehyde 
(Ehrlich's  reagent)  to  yield  a  Schiff's  base  which  was  quantitated 
spectrophotometrically. 

The  data  were  statistically  evaluated  using  the  Student's  "t" 
test  and  significance  was  determined  at  the  1%  level. 

Results 

Hemolysis  data  (Table  1)  show  that  AG  significantly  shortens 
the  hemolysis  time  of  a  known  hemolytic  agent,  ethylene  glycol,  in 
human  blood  bank  cells  but  increases  the  time  in  fresh  human  and 
rabbit  blood  cells.    This  is  not  due  to   an  increase  in  particle  number 
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Wash  Cells  '3x 
0,9%  NaCI 

Oistilled   H20^ 

Centnfuge 

3000  .  g 

Figure     1.     Flmv    sheet    for    treatment     and    assay    of    rabbit     blood    cells     exposed    to 

aminoglutethimide. 

as  indicated  by  the  results  obtained  with  0.3088  M  EG  which  has 
a  particle  number  equivalent  to  that  in  the  EG-AG  solution.  Hemolysis 
in  a  0.3  M  solution  of  AG  alone  was  found  to  occur  in  an  average 
time  of  15  minutes.  An  increase  in  pH  increases  the  hemolysis  time 
of  AG-EG  in  all  cases  except  rabbit  cells  at  pH  7;  whereas,  EG 
solutions  at  an  unbuffered  or  buffered  pH  near  7  show  a  shorter 
hemolysis  time  than  at  pH  4  except  for  blood  bank  blood.  Hemolysis 
time  tends  to  be  shorter  in  most  solutions  with  rabbit  blood  cells 
than  in  human  cells  and  in  fresh  human  blood  than  in  blood  bank  cells. 

Table  1.  Hemolysis  times  in  seconds  for  human  blood  bank  blood  (HBBB),  fresh 
human  blood  (FHB)  and  rabbit  blood  (RB)  obtained  in  test  solutions  at  a  given  pH. 
(Numbers     in    parentheses     indicate     number     of     cases;     results     are     expressed     as     the 

mean  ±  S.E.). 


Type  of 

0.3  M  EG  + 

Blood 

Water 

0.3  M  EG 

0.3088  M  EG 

1  mg  AG/ml 

SET  A— Solutior 

s  not  buffered 

pH  8.00 

pH  7.45 

pH  7.15 

pH  3.55 

HBBB 

11.5B±.24 

15.37±.42 

15.48±.48 

11.17±.29 

(6) 

(6) 

(6) 

(6) 

FHB 

-4.51 

5.0±.06 

5.01±.20 

10.9±.29 

no, 

(10) 

(9) 

(6) 

HH 

-5.01 

5.45±.35 

5.53±.10 

6.81±.12 

(9) 

(9) 

(9) 

(9) 

SET  B— Solution 

s  buffered  to  pH  4 

HBBB 

11.13±.44 

16.08rh.27 

15.32±.33 

14.32±.16 

(6) 

(6) 

(6) 

(6) 

FHB 

9.14±.34 

15.45±.40 

15.63±.39 

14.75±.23 

(7) 

(8) 

(8) 

(6) 

RB 

5.27±.12 

10.4±.22 

10.58±.24 

12.77±.25 

(10) 

(10) 

(10) 

(10) 

SET  C— Solution 

s  buffered  to  pH  7 

HBBB 

11.52±.34 

14.72±.32 

14.57±.25 

19.33±.56 

(6) 

(6) 

(6) 

(6) 

FHB 

9.08±.23 

11.84±.16 

11.73±.22 

15.39=t.27 

(5) 

(8) 

(8) 

(8) 

RB 

5.46±.12 

8.21±.16 

8.30±.14 

10.73±.16 

(10) 

(10) 

(10) 

(10) 

1  Standard  error  not  applicable. 


AG  significantly  increased  potassium  efflux  from  rabbit  blood  cells 
but  did  not  significantly  increase  sodium  influx.  Values  in  meq/1 
for   controls   were    157.6±1.37    (n=5)    for   Na    and   2.2±0.0    (n=5)    for 
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K,  while  for  the  experimentals  the  values  were  156.4±0.51  (n=5) 
for  Na  and  2.66±0.05  (n=5)  for  K.  A  significant  efflux  of  sodium 
occurred  in  human  blood  bank  cells  exposed  to  AG  in  0.3  M  NaCl 
solution  but  no  change  in  potassium  occurred.  Values  for  experimentals 
were  225.16±0.26  (n=6)  for  Na  and  1.6±0.0  (n=6)  for  K  and  for 
controls  were  223.25±0.35   (n=2)  for  Na  and  1.6±0.0  (n=2)  for  K. 


Table    2. 

AG    content    of    rabbit    blood    fractions    as    measured    by    Schiff    base    reaction. 

AG /ml  recovered 

Fraction                                                                          5  ug/ml                                     1  ug/ml 

Supernatant   1   plus  washes 
Lysed  cell  supernatant 

plus   washes 
Sonicated  cell  supernatant 

plus  pellet 
Total 


L.05 


0.00 

5.24 


o.r.f, 


0.48 
L.03 


Analysis  of  fractions  of  rabbit  red  blood  cells  (Table  2)  demon- 
strates that  AG  enters  the  cells  and  the  presence  of  almost  half  of 
the  AG  in  the  sonicated  supernatant  and  pellet  of  the  1  ug/ml  treatment 
suggests  the  presence  of  AG  in  the  membrane.  Aminoglutethimide 
phosphate  was  found  to  have  a  main  absorption  peak  at  237  mu  which 
was  found  to  be  linear  with  concentrations  from  1-10  ug  AG/ml  water 
or  0.9%  NaCl  solution,  but  the  presence  of  plasma  proteins  prevented 
quantitative  analysis  of  AG  in  experimental  solutions.  Figure  2  shows 
the  spectrophotometric  assay  of  AG  after  removal  of  plasma  pro- 
teins. Both  the  difference  in  amplitude  and  width  of  the  peaks  between 
the  standard  and  test  solution  indicate  that  although  much  of  the  AG 
was  recovered  in  Supernatant  1,  some  of  the  AG  remained  with  the 
cells. 


Discussion 

The  relatively  shorter  hemolysis  time  for  fresh  human  blood  cells 
exposed  to  all  solutions  than  for  blood  bank  cells  should  be  of  clinical 
interest.  One  criterion  used  to  determine  storage  time  for  blood 
bank  blood  is  cell  fragility  as  measured  by  hemolysis.  Oxygen  carry- 
ing capacity  and  the  side  effect  potential  of  drugs  could  be  seriously 
modified  in  blood  bank  blood  as  it  approaches  legal  expiration  date. 

Hemolysis  of  both  human  and  rabbit  blood  cells  is  affected  by 
pH.  Human  blood  has  a  pH  of  7.35-7.45  and  any  pH  which  differs 
drastically  from  the  normal  pH  could  produce  a  change  in  the  con- 
figuration of  some  cell  component  or  influence  the  active  transport 
system.  Dissociation  of  AG  is  influenced  by  pH  and  its  effect  on  EG 
penetration  in  human  blood  bank  cells  is  increased  at  a  lower  pH. 

Hemolysis  results  are  distinctly  different  for  rabbit  cells  and 
human   cells.     Rabbit  blood   cells   have   a    shorter   hemolysis   time   than 
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human  cells  in  most  solutions  and  show  a  longer  hemolysis  time  for 
EG  at  all  pHs  upon  the  addition  of  AG.  A  difference  in  the  membrane 
and  /or  transport  system  of  human  and  rabbit  erythrocytes  exists. 
Na  efflux  is  three  times  faster  in  rabbit  than  human  cells  (17).  The 
possible  deficiency  of  ATPase  in  rabbit  erythrocytes  has  been  sug- 
gested by  Duggan  et  al.  (17). 
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Figure  2.     Aminoglutethimide  determination  by  ultraviolet  absorption. 


A  conspicuous  difference  was  found  between  rabbit  and  human 
blood  in  the  effect  of  AG  on  Na  and  K  flux.  The  increase  in  K  efflux 
in  rabbit  blood  agrees  with  Pollock's  (15)  in  vivo  studies  but  the 
increase  in  plasma  Na  in  human  blood  is  just  the  reverse.  The 
change  in  permeability  due  to  storage  might  account  for  this  differ- 
ence.   The  relationship   of  the   RBC   to  plasma  is  not  the  same  as  the 
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relationship  of  other  tissue  cells  to  plasma  and  care  must  be  used 
in  comparing  results  of  the  two  types  of  studies.  An  increase  in 
potassium  efflux  without  a  comparable  sodium  influx  would  result  in 
an  increased  amplitude  of  the  membrane  resting  potential.  Increased 
resting;  potential  could  explain  the  basis  for  AG's  effect  on  elimination 
of  epileptic  convulsions  and  its  production  of  ataxia.  Electrophysiological 
studies  should  clarify  the  relationship  of  AG  to  cation  transport.  Al- 
though this  study  indicates  that  AG  can  produce  an  electrolyte  shift 
by  a  direct  effect  on  the  cell  membrane,  the  possibility  of  AG  eliciting 
this  shift  through  extra-adrenal  tissue  cannot  be  eliminated. 

Both  chemical  and  spectrophotometric  assays  demonstrate  that 
AG  enters  the  red  blood  cell.  Data  obtained  from  the  chemical  test 
show  that  lysis  released  all  the  retained  AG  in  the  5  ug  treatment, 
but  only  one-half  of  the  retained  AG  in  the  1  ug  treatment.  The 
release  of  AG  by  sonication  suggests  the  presence  of  the  compound 
in  the  cell  membrane;  whereas,  the  release  by  lysis  suggests  that  AG 
is  retained  within  the  cell  rather  than  in  the  membrane.  One  of  two 
explanations  could  serve  to  reconcile  this  apparent  conflict.  Disruption 
of  the  membrane  during  lysis  of  the  cells  in  the  5  ug  test  may  have 
released  the  AG  from  the  membrane  or  incomplete  release  of  AG 
from  the  cell  may  have  occurred  during  lysis  of  the  RBC  in  the  1 
ug  test.  Future  work  should  be  designed  so  as  to  eliminate  these 
possible  discrepancies. 

The  results  show  that  AG  significantly  decreases  the  hemolysis 
time  of  ethylene  glycol  in  human  blood  bank  blood  and  increases  the 
time  in  fresh  human  and  rabbit  blood;  increases  the  K  efflux  from 
rabbit  erythrocytes  and  efflux  of  Na  in  blood  bank  cells;  enters  the 
red  blood  cell  and  may  occupy  site(s)  in  or  on  the  membrane. 
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